purpose these accelerated 
tests show what happens when 
various types coatings are exposed 
typical corrosive environment. 
Four clean steel panels, free from mill 
and rust, were coated with dif- 
ferent combinations primers and 
Each was scribed bare 
metal and immersed salt water 
the presence free oxygen, for two 
weeks. 

deposits formed over 
areas the steel tests 
and failure occurred three 
ways. The though not directly 
attacked, was undercut caustic 


oil topcoat. 
coats fail cor 


spread beneath the film and destroyed 
adhesion. The epoxy coating, known 
for critical adhesion smooth metal, 
proved impervious caustic attack. 
was, however, lifted its entirety 
moisture spread beneath the sur- 
face. The entire oil paint film was 
quickly penetrated the salt solu- 
tion, creating widespread corrosion 
and caustic formation. The caustic 
then reacted with the oil saponify 
the film. 

the fourth test the corrosion was 
limited the mark. Reason: 
Amercoat No. Primer resists un- 
dercutting and adheres tenaciously, 


EPOXY TOPCOAT 


CAUSTIC 


CAUSTIC EPOXY 
UNDERCOAT 


OIL BASE COATINGS SAPONIFIED 


Corrosion restricted scored line, 
no undercutting or peeling. 


NO. 33HB RUST 


STEEL 


inhibiting corrosive 
action. 

The conclusions are clear. pro- 
vide long term protection corro- 
sive service, start with Amercoat No. 
Primer, which provides sound 
and lasting base for quality topcoats 
such Amercoat No. 33HB. 

Write today for complete data 
Amercoat No. 86, and have the de- 
tails hand when planning your 
next important coating job. 
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Byers PVC Pipe available 
sizes through 6”, schedules 
40, 80, and 120. 


TYPE compounded pure 
PVC resin for normal impact and 
outstanding chemical resistance. 


TYPE similar product modi- 
fied with rubber for high impact 
resistance mechanically punish- 
ing 


Now you can predict service life because 


Byers PVC Pipe Engineering brings 


factual approach piping system design 


Not for long, long time has company been 
better qualified talk about its product. The 
company Byers. The product PVC 
Pipe. And the qualifications are the factual kind. 

More than product, Byers PVC Pipe 
service. Our recommendations stem from field 
performance data well laboratory test 
results. Everything say about our pipe 
backed actual tests which have per- 


BYERS PVC PIPE 


formed with Byers PVC Pipe. tested it. 
We’ve worked with it. know what can do. 
And what can’t do. 

you’d like know what know about PVC 
pipe corrosion resistance, flow characteristics, 
installation data, environmental effects, working 
pressures call your Byers field service repre- 
sentative. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


Write our Engineering 
Service Department for 
copy this new 
page illustrated cata- 
log Byers PVC Pipe. 
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protect our well casings the high-potential, 
low-cost way with Galvomag anodes” 


SAYS CHIEF CORROSION ENGINEER: 


“Galvomag magnesium anodes are inexpensive, easy install and check. 
They deliver good output and long life, require power source and 
maintenance.” 


Galvomag® magnesium anodes pack 25% more throwing 
power than conventional anodes. This mighty handy 
feature have when working with highly resistive 
soils. And normal soils, four Galvomag anodes can the 
work five conventional anodes. 


Galvomag anodes are widespread use the petroleum 
industry, protecting well casings, tanks, pipelines and other 
underground equipment. Find out now how Galvomag and 
conventional magnesium anodes can bring you lower cost 
protection. For facts, figures and technical assistance, get 
touch with one our distributors listed below write 
us. THE DOW CHEMICAL COMPANY, Midland, Michigan, 
Department 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas Corrosion Services, Inc., Tulsa, Oklahoma Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Interprovincial Corrosion Control Co., Burlington, Ontario Royston Laboratories, Inc., Blawnox, Penna. Stuart Steel Protection 


Corp., Plainfield, N.J. The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND 
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devoted entirely corrosion 
research and control 
Published monthly as its official journal, by the Na- 
tional Association of Corrosion Engineers, Inc., at 
Houston, Texas, U. S. A., as a permanent record of 
progress in corrosion control. 
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This double yoke designed “whip” pipe whip...it steadies the pipe and keeps even keel. But 
takes skilled foreman like Bob Nolan supervise its operation. Bob one the hundreds Hill-Hubbell 
trained craftsmen who know how “get the most out machine”! Because the outstanding work men 
like Bob Nolan, the Hill-Hubbell name synonymous with quality the pipe coating and wrapping industry! 
You need the precision, the dependability, and the quality permanent factory application and factory-control. 


Specify wrapped pipe your next job 
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Decorative...... 


mproved phenolic linings extend tank 


Plastisol gives 
tank exteriors 
protection 


Serious tank corrosion often occurs 
from the outside in. Solution spill- 
age and corrosive atmospheres can 
deteriorate ordinary coatings and 
attack the metal, shorten equip- 
ment life. 


ELIMINATES MAINTENANCE 


Protecting the exterior tanks and 
equipment with Unichrome “Super 
5300” Plastisol good practice, good 
economy. Especially where 
maintenance difficult. For this 
same material that protecting 
many tank interiors makes exteriors 
corrosion resistant, too. One appli- 
cation usually gives lifetime pro- 
tection. Non-porous and seamless, 
this vinyl shield stops corrosive 
fluids and fumes. 


CAN PATCHED 


Its flexibility and toughness help 
prevent impact and abrasion dam- 
age. Should patching ever become 
necessary, Unichrome “Super 5300” 
can sprayed on, spot baked, and 
protection restored good ever. 


See details your copy “CEC”, 
send for Bulletin Chem C-3. 


METAL THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh Atlanta Detroit 
East Chicago « Los Angeles 
Canada: Metal Thermit—United Chromium 
Canada, Limited, Rexdale, Ont. 


Specialists are located key areas apply Unichrome Phenolic Linings. They have the 
experience and the facilities to handle even large, difficult jobs promptly and properly. 


Unichrome B-124 Linings 
have increased resistance 
impact, give thicker 
films, positive cure-control 


Phenolic coatings continue 
provide most economical lining 
for tanks, tank cars, drums. Fea- 
tures have been incorporated in- 
the Unichrome Series B-124 
phenolics that greatly improve 
the physical properties...increas- 
ing their reliability still further 
for corrosive service. 


CHIP IMPACT 


Improved reverse impact resis- 
tance Unichrome phenolic 
linings especially valuable 
containers and tanks subject 
handling abuses. Linings stick 


Photo Courtesy General Coating Co., Woodbridge, N.J. 


tight, prevent exposure metal, 
guard against corrosion and con- 
tamination the product. 


SPECIAL FEATURES 


Unichrome Series B-124 Linings 
include materials that bake 
hard, glossy surface for easy- 
to-clean final coat; others 
thick two mils per coat 
twice that ordinary phenolics; 
still another signals with visible 
color change when fully cured, 
assure optimum durability, 


Unichrome B-124 Coatings 
stand direct contact with 
wide range active materials, 
including strong acids and sol- 
vents. Write Metal Thermit for 
information and names nearby 
applicators that can give you fast 
service even large equipment. 
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T-3A Corrosion Inhibitors 


Coburn, Chairman; Association 
of American Railroads, 3140 South 
Federal St., Chicago, 


L. C. Rowe, Vice Chairman; Research 
Staff, General Motors Corp., Box 
North End Station, Detroit 

ich. 


T-3A-1 General Theory the Action 
Corrosion Inhibitors 


W. W. Sweet, Chairman; Research & 
Development Dept., 
molive Co., 105 Hudson St., Jersey 
City, 


Methods Testing Screen- 
ing Corrosion Inhibitors 


(Chairman Selected) 


T-3A-3 Materials Available for and 
Application Corrosion Inhibitors 


Lyle A. Timm, Chairman; 8450 Ferry 
Road, Gross Ile, Michigan 


T-3B Corrosion Products 
A. H. Roebuck, Chairman; The 
ee Co., Midland Tower Bldg., 
. O. Box 310, Midland, Texas 
Vaughan, Vice Chairman, Bat- 
telle Memorial Institute, 505 King 
Avenue, Columbus, Ohio. 


T-3C Annual Losses Due Corrosion 


S. K. Coburn, Chairman, Association 
American Railroads, 3140 South 
Federal Street, Chicago 16, 


T-3D Instruments for Measuring 
Corrosion 


Thalmann, Chairman; Ebasco 
Services, Inc., Rector New 
York, 

Ringer, Vice Chairman; 
Hampden Ave., Narberth, Pa. 


Coatings 

Broome, Chairman; Arkansas- 
Louisiana Gas Co., Box 1734, Shreve- 
port, La. 


T-3E Railroads 


Chairman; The Pull- 
man "holder of Research, 
Room Merchandise Mart Plaza, 
Chicago, 


Magee, Vice Chairman, Assoc. 
American Railroads, 3140 South Fed- 
eral Street, Chicago, 


Corrosion Railroad Tank 
Cars 
American Transportation Corp., 150 
West Street, East Chicago, Ind. 


Jekot, Vice Chairman; DeSoto 
Paint Varnish Co. Box 186, 
Garland, Texas. 


Honnaker, Vice Chairman, En- 
ineerin ony Group, 
Co., Inc. W15 Louviers Bldg., 

Wilmington, 


T-3E-2 Corrosion Railroad Hopper 


Cars 

C. L. Crockett, Chairman; Norfolk 
and Western Railway, Motive Power 
Dept., Roanoke, Va. 


T-3F Corrosion High Purity Water 

Blaser, Chairman; Research 
Center, Babcock Wilcox Co., Box 
835, Alliance, Ohio. 


Bloom, Vice Chairman; Metal- 
lurgy Div., Naval Research Lab., 
Washington, 


T-3F-2 Inhibitors 


nue, New ork, 


T-3F-3 Corrosion Products 
Pearl, Chairman, General Elec- 
tric Company, Atomic Power E uip- 


ment Dept., Box 254, San Jose, 
Calif. 


T-3F-6 Intercommittee Activities 


Partridge, Chairman, Hall Labs., 
Box 1346, Pittsburgh, Pa. 


T-3F-7 Bibliography 

W. K. Boyd, Chairman; Battelle 
Memorial Institute, 505 King Ave., 
Columbus, Ohio 


T-3G Cathodic Protection 

Dr. May, International Nickel 
Co., Inc., Box 262, Wrights- 
ville Beach, North Carolina 


T-3G-1 Cathodic Protection Hull 
Bottoms Ships 

L. P. Sudrabin, Chairman, Electro 
Rust-Proofing Corp., Box 178, New- 
ark, New Jersey. 


T-3G-2 Cathodic Protection Heat 
Exchangers 
Teel, Chairman, The Interna- 


tional Nickel Co., Inc., Box 2 
Wrightsville Beach, 


T-3G-3 Cathodic Protection of Process 
Equipment 

A. A. Brouwer, Chairman, The Dow 
Chemical Co., Midland, Michigan. 


Tanker Corrosion 


Texas Company, 
Box 509, New York. 


Daniel R. Werner, Chairman; Ameri- 


can Tel. Tel. Co., Room 1701, 
East 11th St., Kansas City 


T-4A Effects Electrical Grounding 
Corrosion 

Stilley, Chairman; Good-All 
Electric Mfg. Co., Good-All 
Ogallala, Neb. 

Zastrow, Vice Chairman; Elec- 
tric Engineering Rural _ Elec- 
trification Adm., Wash- 
ington 25, 


T-4A-3 Methods and Materials for 
Grounding 

I. C. Dietze, Chairman; Dept. of 
Water Power, Box 3669, 
Annex, Los Angeles 54, Cal. 


T-4B Corrosion Cable Sheaths 

Maitland, Chairman, American 
Telephone Telegraph Co., Ave- 
nue the Americas, New York, 


Clayton, Vice Chairman; Mem- 
his Gas, Light and Water Div., Box 
88, Memphis, Tenn. 


and Other Metallic 


Maitland, Chairman, American 
Telephone Telegraph Co., Ave- 
nue the Americas, New York 13, 
New York. 


T-4B-2 Cathodic Protection 
. Pokorny, Chairman, Cleveland 


Illuminating Co., Public 
Sq., Cleveland Ohio. 


T-4B-3 Tests and Surveys 

Werner, Chairman, American 
Telephone Telegraph Co., 324 
East 11th Street, Room 1701, Kansas 
City, Mo. 


Clayton, Vice Chairman, Mem- 
his Gas, Light and Water Div., Box 
Memphis, Tenn. 


T-4B-4 Protection Pipe Type Cables 


Dieck, Chairman, Long Island 
Lightin Com any, 175 Old Country 
Road, F icksville, New York, 


Prime, Jr., Vice Chairman, Flor- 
ida Power Co., Box 3100, 
Miami, Florida. 


T-4B-5 Non-Metallic Sheaths and 
Coatings 


Mercer, Chairman; Southwest- 
Bell Tel. Co., Box 58, West- 
field, Texas 


T-4B-6 Stray Current Electrolysis 


Svetlik, Chairman, Northern Indi- 
ana Public Service Co., 5265 Hoh- 
man Ave., Hammond, Indiana. 


Cantwell, Vice Chairman, 
Telephone Co., 24) 
Meridian St., Indianapolis, Indiana. 


T-4D Corrosion Deicing Salts 

W. H. Bruckner, Chairman; Univer- 
sity of Illinois, Urbana, Tilinois. 

Compton, Vice Chairman; Bell 
Telephone Laboratories, Murray 
Hill, New Jersey. 


T-4D-1 Procedures for Conducting 
Field Tests Below Ground 

Kulman, Chairman, Consoli- 
dated Edison Co. New York, Inc., 
Irving Place, New York, 


T-4D-2 Coordination Field Pro- 
grams Between Cities and Transpor- 
tation Companies 

George Illig, Chairman, Calgon, Inc., 
323 Fourth Ave., Pittsburgh, Penn. 


T-4E Corrosion Domestic Waters 


Larson, Chairman, State 
Survey, Box Urbana, 
inols. 


Thomas, Vice Chairman, In- 
Mines Tech. Surveys; Lydia 
Street, Ottawa, Ontario, Canada 


T-4E-1 Hot Water Tank Corrosion 

Weast, Chairman; Associate Pro- 
fessor Chemistry, Case Institute 
Technolo: Circle, 


T-4F Selection for Cor- 
rosion Mitigation the Utility 
Industry 

Kulman, Temporary Chairman, 
Consolidated Edison Co. New 
York, Inc., Irving Place, New 


T-4F-1 Materials Selection the 
Water Industry 


Daniel Cushing, 
St., Boston, 


Chairman, 148 State 
assachusetts. 


Chester Anderson, Vice Chairman; 
Crane Company, 4100 South Kedzie 
Ave., Chicago 5, Il. 


Peter Kahn Metcalf 


T-4F-2 Materials Selection the 
Electric Industry 


Zimmerer, Chairman; Petro-Tex 
Chemical Corp., Box 2584, Houston, 
Texas. 

Dillon, Vice Chairman; Union 
Carbide Chemicals Co., 
2831, Charleston Va. 


T-5A Corrosion Chemical Processes 

Dillon, Chairman; Union Car- 
bide Chemicals Co., Div. of Union 
Carbide Corp., P. O. Box 2831, 
Charleston, 


Burton, Vice-Chairman, Gen- 
Chemical Division, Allied 
Chemical Dye Corp., Camden 
New Jersey 


Sulfurie Acid 
W. A. Luce, Chairman, The Duriron 
Co., Box 1019, Dayton, Ohio. 


T-5A-3 Acetic Acid 


Celanese Corp. America, Box 
1414, Charlotte, 


T-5A-4 Chlorine 

Gleekman, Chairman; Wyan 
dotte Chemicals Corp., 1609 Biddle 
Ave., Wyandotte, Mich. 


T-5A-5 Nitric Acid 
Groves, Chairman; Apartment 
33-B, Brookline Manor, Reading, 


Meyer, Chairman; Na- 
tional Lead Co. Ohio, Box 158, 
Healthy Station, Cincinnati 31, 


T-5A-6 Corrosion 

Hoffman, Chairman, Phillips 
Petroleum Co., Atomic Energy Div., 
Box 1259, Idaho Falls, Idaho. 

Meyer, Jr., Vice Chairman; 
National Lead Co. of Ohio, Box 
158, Mt. Healthy Station, Cincin- 
nati 31, Ohio 


T-5B High Temperature Corrosion 

E. N. Skinner, Chairman; The Inter- 
national Nickel Co., Inc., Wall 
St., New York, 


McPherson, Vice Chairman; 
12230 So. Artesian Avenue, Blue 
Island, Ill. 


(Continued on Page 10) 
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tank’s lining 


like new! 


Just look the lining this 200,000-gallon tank! Nine 
months storage service with notoriously corrosive form- 
aldehyde—and not sign bleaching, cracking, blister- 
ing, pitting pulling away from the concrete wall! 


The lining glass cloth and LAMINAC Polyester Resin 
4109, with clear finish coat LAMINAC Resin 4111. 
replaced vinyl-based lining May 20, 1957. Service 
life the original lining had been shortened the point 
where the underlying concrete was deteriorating, and 
contaminating and discoloring the formaldehyde. Yet 
nine months after installation the plastic lining, the 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
Rockefeller Plaza, New York 


Canada: Cyanamid Canada Limited, Montreal and Toronto 


CORROSION—-NATIONAL ASSOCIATION ENGINEERS 


CORROSIONEERING WITH 


POLYESTER RESINS 


closest inspection revealed flaw—not even along the 
top where meets the unlined concrete ceiling. 

The reinforced LAMINAC lining expected last in- 
definitely. Therefore, second 200,000-gallon tank will 
soon likewise lined with LAMINAC withstand the 
corrosive action the 37% formaldehyde solution kept 
90° 


you have tough corrosion problem, reinforced 
LAMINAC may well the answer. For details 
technical assistance, get touch with any Cyanamid 
office listed below. 


Offices in: Boston Charlotte Chicago Cincinnati Cleveland Dallas Detroit Los Angeles New York Oakland Philadelphia St. Seattle 


3 
t 
le 
4 
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T-5C Corrosion Cooling Waters 


T-5C-1 Corrosion Cooling Waters 
(South Central Region) 

Petroleum Co., Sweeny Refinery, 
Sweeny, Texas 


Wheeler, Secretary; Rohm 
Haas, Box 672, Pasadena, Texas. 


T-5D Plastic Materials Construction 
Chairman, 151 East 
214th St., Euclid, Ohio. 


Gackenbach, Vice-Chairman; 
American Cyanamid Co., Organic 
Chemical Div., Bound Brook, 


T-5D-1 Questionnaires 
214th Street, Euclid 23, Ohio. 


T-5D-2 Inorganic Acids 

R. J. Collins, Secretary; B. F. Good- 
rich Chemical Co., 3135 Euclid 
Avenue, Cleveland 15, Ohio 


T-5D-3 Inorganic Alkalies 

Peter Kimen, Chairman, Champion 
Paper & Fibre Co. a Box 872, Pasa- 
dena, Texas. 


Connelly, Secretary, Eastman 
Chemical Products Company, 704 
Texas National Bank Building, Hous- 
ton Texas. 


T-5D-4 Gases 

Beaumont Thomas, Chairman, Steb- 
bins Eng. & Mfg. Co. Eastern Blvd., 
Watertown, New Yor 

Forse, Vice Chairman, Dow 
Chemical Company, Plastics Tech- 
nical Service, Midland, Michigan. 


William Eakins, Secretary; Chemical 
Corp., Pla-Tank Division, West 
Warren, Mass. 


T-5D-5 Water and Salt Solutions 

Paul Elliott, Chairman, Naugatuck 
Chemical Company, Kralastic De- 
velopment, Naugatuck, Conn. 


T-5D-6 Organic Chemicals 


Wade Wolfe, Jr., Secretary, 
mann Drive, Buffalo 17, New York. 


T-5D-7 Engineering Design 

O. H. Fenner, Chairman, Monsanto 
Chemical Company, 1700 South Sec- 
ond Street, St. Louis Missouri. 

K, A. Phillips, Vice-Chairman, Amer- 
ican Zinc, Lead & Smelting Co., 
P. O. Box 495, East St. Louis, Illi- 

Meyer, Secretary, St. Louis 
St. Louis 10, Missouri. 


T-5D-8 Methods and Criteria for Eval- 
uating Plastics Chemical Environ- 
ment 

Clarkson, Chairman, Olin Ma- 
thieson Chemical Corp., Mathieson 
Building, Baltimore, Md. 

Lembcke, Secret: Cities Service 
Res. Dev. Co. East Third. 
Tulsa 3, Oklahoma. 

T-5E Stress Corrosion Cracking 
Austenitic Stainless Steel 


Miller Rogers, Chairman; Union 
Carbide Chemicals Co., Box 471, 
Texas City, Texas. 


Kunkel. Vice Chairman; Cela- 
nese Corp., Box 148, Bishop, Texas. 


Protecti 


ive Coatings 


Van Delinder, Chairman; Union 
Chemicals Co., Develop- 
ment Dept., South Charleston, 
Va. 


Fenner, Vice-Chairman; Mon- 
santo Chemical Co., 1700 South 
Second St., St. Louis 4, Mo. 


T-6A Organic Coatings and_ Linings 
for Resistance Chemical Corrosion 


Munger, Chairman; Amercoat 
Corp., 4809 Firestone Bivd., South 
Gate, 


Van Delinder, Vice Chairman; 
Union Carbide Chemicals Co., De- 
Dept., South Charleston, 


Richardson, Secretary; Amercoat 
Corp., 4809 Firestone South 
Gate, Cal. 


T-6A-1 Rubber Linings 


McFarland, Jr., Chairman; Hills- 
McCanna Co., 400 Maple Street, 
Carpentersville, 


T-6A-2 Vinyl Coatings 
Tator, Chairman, 2020 Montour 
Street, Coraopolis, Pa. 


T-6A-3 Vinylidene Chloride Polymers 


Brown, Chairman, The Dow 
Chemical Co., Midland, Mich. 


T-6A-4 Phenolics 


Forest Baskett, Chairman; Sheet 
Metal Engineers, Inc., Box 9384, 
Houston 11, Texas 


T-6A-5 Polyethylene 


Van Delinder, Chairman, Car- 
bide Carbon Chemicals Co., South 
Charleston, Va. 


T-6A-6 Neoprene 


J. R. Galloway, Chairman; E. I. du 
Pont Nemours Co., 
2601A West Grove Lane, Houston 
6, Texas 


T-6A-7 Thermosetting Coal Tar Coat- 
ings 

Woodrow E. Kemp, Chairman; Kop- 
= Co., Inc., 15 Plum Street, 
Jerona, Pa. 


T-6A-8 Methacrylates 
T-6A-9 Furanes 
T-6A-10 Polyesters 


D. D. Cone, Chairman; c/o Sunrise 
Coffee Shop, 118 East Texas, Bay- 


town, Texas 


Epoxys 


Munger, Chairman, Amercoat 
Corp., 4809 Firestone Bivd., South 
Gate, Cal. 


T-6A-12 Fluorocarbons 


T-6A-13 Chlorinated Rubbers 
Appointment Pending 


T-6A-14 Organic-Brick Covered 


Ronald C,. Flynn, Chairman; Stebbins 
Manufacturing Co., 363 Eastern 
Blvd., Watertown, N. Y. 


T-6A-15 Rigid Vinyls 


C. G. Munger, Chairman; Amercoat 
Corp., 4809 Firestone South- 
gate, Calif. 


T-6A-16 Coal Tar Coatings 


T-6A-17 Polyurethanes 


Richard Sansone, Chairman; Mobay 
Chemical Company, 1815 Washing- 
ton Road, St. Louis 4, Mo. 


T-6A-18 Hypalon 


Pont de Nemours & Co., Inc., 
2601A West Grove Lane, Houston 
6, Texas 


T-6A-19 Asphalts 


T-6A-20 Plastisols 
O. H. Fenner, Chairman; Monsanto 


Chemical Co., 1700 South Second. 


St., St. Louis 4, Mo. 


T-6B Protective Coatings for Resist- 
ance Atmospheric Corrosion 


Howard Dick, Chairman, Products 
Research Service, Inc., Box 6116, 
New Orleans. 


T-6B-1 Linseed and Other Drying Oils 


T-6B-2 Ester Gum Oil 


R. L. Liston, Chairman, Cook Paint & 
Co., Box 3088, Houston, 


T-6B-3 Straight Phenolic Oil Varnish 


John Chairman, Briner Paint 
Mfg. 3713 Agnes St., Corpus 


T-6B-4 Modified Phenolic Oil Varnish 
John W. Nee, Chairman. 


T-6B-5 Straight Alkyd Varnish 
T-6B-6 Modified Alkyd Varnish 
T-6B-7 Epoxy Esters 


T-6B-8 Epoxy (Amine Cured) 


Earl Gould, Chairman, Continental 
Oil Co., Harvey, La. 


T-6B-9 Chlorinated Rubber 


Otto Grosz, Chairman, The California 
Co., Box 128, Harvey, La. 


T-6B-10 Vinyls 
John I. Richardson, Chairman; Amer- 


coat Corporation, 4809 Firestone 
Blvd., South Gate, Cal. 


Metallic Silicates 


T-6B-12 Coal Tar 
Mitchell, Chairman, Reilly Tar 


Chem. Co., 1616 Merchants Bank 
Bldg., Indianapolis, Ind. 


T-6B-13 Asphalt 
Allen, Chairman, Anderson- 


Pritchard Oil Co., 1000 Liberty 
Bank Oklahoma City, Okla. 


T-6B-14 New Developments 


Joe Rench, Chairman, Napko Corp., 
Box 14126, Houston, 


T-6B-15 Silicones 


Gross, Chairman; c/o Norton 
Jaggard, Manager Engineering, 
Arabian American Oil Co., 505 Park 
Ave., New York 22, 


T-6C Protective Coatings for Resist- 
ance to Marine Corrosion 

John Oliveira, Chairman; Bethle- 
hem Steel Co., Shi building Div., 
Bethlehem Sparrows Point Shipyard, 
Sparrows Point 19, Md. 


T-6D Industrial Maintenance Painting 

Bacon, Chairman; Dow Chemi- 
cal Co., Maintenance Shops, Free- 
port, Texas 

R. Martinson, Vice Chairman: 
Monsanto Chemical Company, 1700 
South Second Street, St. Louis, Mo. 


T-6D-1 Economics Maintenance 
Painting 
Lopata, Chairman, Carboline 


Co., 331 Thornton Ave. St. Louis, 
Mo. 


T-6D-2 Standardization Scope 
Painting Specifications 
Sline, Chairman, Sline Industrial 


Painters, 2162 Gulf Terminal Dr., 
Houston, Tex. 


T-6D-3 Paint Programs 


Bacon, Chairman, The Dow 
Chemical Co., Freeport, Tex. 


T-6E Protective Coatings in Petroleum 
Production 

C. G. Fritts, Chairman; Socony Paint 
Products Co., Box 1740, Houston, 
Texas. 

F. E. Blount, Vice Chairman; Mag- 
age Petroleum Co., Box 900, Dal- 
las, Texas. 


T-6F Protective Interior Linings, 
Application and Methods 


Cathcart, Chairman, Tank Lin- 
ing Corporation, 246 
Road, Pittsburgh, Pennsylvania. 


Gabel, Vice-Chairman; The 
Dow Chemical Co., Midland, Mich. 


Cogshall, Secretary; Pennsalt 
Mfg. Co., Penn Center, Phila- 
delphia, Pa. 


T-6F-1 Curing 
Lefevre, Chairman; Metalweld, 
2617 Hunting Park Ave., Phil- 

adelphia, Pa. 


T-6F-2 Surface Preparation 


Inc., 6735 Avenue Houston, 


T-6F-3 Inspection 


J. L. Barker, Chairman; Union Car- 
bide Chemicals Co., Div. Union 
Carbide Corp., P. O. Box 8004, 
Bldg., 82-421, ‘South Charleston 3, 
W. Va. 


T-6F-4 Safety 


J._L. Barker, Temporary Chairman; 
Union Carbide Chemicals Co., Div. 
of Union Carbide Corp., P. O. Box 
8004, Bldg. 82-421, South Charles- 
ton Va. 


T-6F-5 Application 


H. Foelsch, Chairman; 20 Wistar Ave- 
nue, Metuchen, New Jersey 


T-6G Surface Preparation for Organic 
Coatings 

Joseph Bigos, Temporary Chairman; 
United States Steel Corp., Applie 
Research Lab., Monroeville, 


T-6H Glass Linings and Vitreous 
Enamels 

Ernest F. Meier, Chairman; Glascote 
Products, Inc., 20900 St. Clair Ave- 
nue, Cleveland 17, Ohio 

R. McFarland, Jr., Vice Chairman; 
400 Maple 
Street, Carpentersville, Illinois 


Protective Coating Application 
Problems 


Los Angeles Area, Protective 
Coating Application Problems 

Fred McConnell, Chairman, Serv- 
ice Coatings Corp., Box 
524, Wilmington, Cal. 

Newell W. Tune, Vice-Chairman, L. 
Water Power, 510 East Sec- 
ond St., Los Angeles, Cal. 

Jakway, Secretary, Bechtel 
Corporation, P. O. Box 58424, Los 
Angeles 58, Cal. 

Paul Briley, Assistant Secretary, 
National Lead Co., 3113 East 26th 

t., Los Angeles, Cal. 


Specification Writing 
Newell Tune, Chairman, Dept. Wa- 


ter Power, 510 East Second St., 
Los Angeles, 


Application Procedure 


E. Lacy, Chairman, Barrett Div., 
Dye Corp., 923 East 
3rd St., Los Angeles, 


Inspection Techniques 

Miss Flora L. Davis, Chairman; 
Hughes Aircraft, Bldg. #20, Mail 
Station 1309, Florence and Teale, 
Culver City, California 


Cost Evaluation 


Doyle, Chairman, Furane Plastics, 
4516 Brazil St., Los Angeles, Calif. 


T-6K Corrosion Resistant Construc- 
tion With Masonry and Allied Ma- 
terials 

L. R. Honnaker, Chairman; E. I. du 
Pont de Nemours & Co., Inc., Eng. 
Dept., 337.20 Louviers Bldg., Wil- 
mington, Del. 


(Continued Page 12) 
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OFFSHORE the durable corrosion-resisting qualities 
Humble’s coatings give substantial savings! 


costly offshore drilling platforms and equipment, Humble’s 
protective coatings have proved their ability resist the powerful 
corrosive action salt water splash, spray and vapor. There’s 
Humble protective coating for every surface from the splash-zone 
the crown block, including the working platform and structures the 
platform. Humble’s complete line protective coatings includes 
vinyls, epoxies, phenolics, alkyds and others, available 
wide range finish colors. 

For the platform itself, excellent results have been obtained 
using six-coat vinyl system, including one vinyl mastic coat, 
total dry film thickness from mils. Humble’s vinyl protec- 
tive coatings produce tough, flexible film that gives remarkable 
resistance corrosion and weathering. 

Humble protective coatings are readily available Humble 
wholesale plants throughout Texas and New Mexico. 


HUMBLE OIL REFINING COMPANY 


For detailed informa- 
tion how Humble’s 
protective coatings can 
save you money, call 
your Humble salesman, 


Humble Oil Refining Company 
Sales Technical Service 

Box 2180 

Houston Texas 


HUMBLE 


truc- 
Ma- 
Eng. 
Wil- 
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T-6R Protective Coatings Research 

Cogshall, Chairman; Pennsalt 
Chemical Corp., 3 Penn Center 
Plaza, Philadelphia, Pa. 


Coordinating 


Erickson, Jr., Chairman; The 
Peoples Natural Gas Co., Two Gate- 
way Center, Pittsburgh 22, Pa. 

Mercer, Vice Chairman; South- 
western Bell Telephone Co., 
Box 58, Westfield, 


T-7A Northeast Region Corrosion 
Coordinating Committee 

Erickson, Jr., Chairman; The 
Peoples Natural Gas Co., Two Gate- 
way Center, Pittsburgh Pa. 

Andrew Kellogg, Vice-Chairman; 
Power Corp., 300 
Erie Blvd., West Syracuse, 


New Jersey Committee Corrosion 

T. S. Watson, Chairman; Socony 
Mobil Oil Co., Inc., Eastern Pipe 
Lines Div., Box 989, Plain- 
field, 

P. S. McKenna, Vice Chairman; 
Delaware Lackawanna & Western 
Railroad, Hoboken, 

R. J. Bishop, Secretary; Public Serv- 
ics Electric & Gas Co. of N. J., 80 
Park Place, Newark, N. J. 


Greater New York Committee 
Corrosion 

Island Railroad, Long Island, 

Joseph Moriarty, Vice-Chairman; New 

Telephone Co., New York, 


Western New York State Corrosion 
Committee 

Benson, Chairman, New York 
Telephone Co., Church St., 
Buffalo, New York 

Seifert, Vice-Chairman, Ten- 
nessee Gas Transmission Company, 
Box 98, Hamburg, New York. 


Varney, Secretary, Iroquois Gas 
Corporation, 365 ineral Springs 
Road, Buffalo, New York 


Charleston Coordinating Committee 


J. A. Hutton, Chairman; United Fuel 
Gas Co., 1700 MacCorkle Ave. 
S.E., Charleston 25, W. Va. 

Gosnell, Vice Chairman; De- 
velopment Dept., Union Carbide 
Co., So. Charleston, 

P. F. Sweeney, Secretary; Chesapeake 
& Potomac Tel. Co. of W. Va., 
816 Lee St., Charleston 5, W. Va. 


Greater Boston Electrolysis Committee 

William Helm, Jr., Chairman; Boston 
Gas Co., 100 Arlington St., Boston, 
Mass. 

J. J. Molloy, Vice Chairman; Cam- 
bridge Electric Light Co., 46 Black- 
stone St., Cambridge, Mass. 


Henry S. Wilkins, Secretary-Treasurer; 
Central Laboratory, New England 
939 Southbridge 
St., Cambridge, Mass. 


Western Pennsylvania Corrosion Com- 
mittee 

Keller, Chairman; Atlantic 
Pipe Line Co., 260 Broad St., 
Philadelphia Pa. 

Picht, Jr., Vice Chairman; 
American Tel. Co., 429 
Fourth Avenue, Pittsburgh 19, Pa. 


John B. Vrable, Secretary; New York 
State Natural Gas Corp., Two Gate- 
way Center, Pittsburgh 22, Pa. 


Pittsburgh Corrosion Committee 


Rutter, Chairman; Equitable 
Gas Co., 420 Blvd. of the Allies, 
Pittsburgh, Pa. 

Kissinger, Vice Chairman; 
Duquesne Light Co., 1241 Reeds- 
dale Street, Pittsburgh 35, Pa. 

Steel, The Bell Tele- 
hone Co. of Pa., 16 Seventh Ave., 
ittsburgh 19, Pa, 


T-7B North Central Region Corrosion 
Coordinating Committee 

Paul Hoy, Chairman; Dayton Power 
Light Main St., Day- 
ton, Ohio. 

Mandley, Vice Chairman, Mich- 
igan Consolidated Gas Co., 415 Clif- 
ford, Detroit, Mich. 


Chicago Area Committee Under- 
ground Corrosion 


Nichols, Chairman; Corrosion 
Engineer, Northern Gas Co., 
615 Eastern Ave., Bellwood, 

J.__ Svetlik, Vice-Chairman; Senior 
Engineer, Northern In- 
diana blic Service Co., 
Hohman Ave., Hammond, Ind. 

Bell Telephone Co., Midstate Divi- 
sion, 215 Randolph St., 7th 
Floor, Chicago, 


Columbus and Central Ohio 


Committee on Corrosion 


N. R. Patton, Chairman; Columbus & 
Southern Ohio Electric Co., 215 
North Front St., Columbus 15, Ohio 

Bope, Secretary, Columbus 
Southern Ohio Electric Co., 215 
North Front St., Columbus 15, Ohio 


T-7C Southeast Region Corrosion Co- 
ordinating Committee 


Ernest Seay, Jr., Chairman, Ches- 
eake & Potomac Tel. Co. of Va., 
Bute St., Norfolk, Va. 


Hamel, Vice-Chairman; Com- 
monwealth Natural Gas Corp., Box 
2350, Richmond, Va. 


The Louisville (Ky.) Joint Electrolysis 
Committee 

Stuart Gates, Chairman, South- 
ern Bell Tel. & Tel. Co., Louis- 
ville, Ky. 

John L. Gray, Vice-Chairman, Louis- 
ville Gas & Electric Co., Louis- 
ville, Ky. 

Walter Zell, Secretary, Louisville Gas 
Electric Co., Louisville, Ky. 


T-7D South Central Region Corrosion 
Coordinating Committee 


Mercer, Chairman; Southwest- 
ern Bell Tel. Co., Box 58, West- 
field, Texas 


Woody, Vice Chairman, United 
Gas Corporation, Box 2628, Hous- 
ton, Texas. 


Houston Corrosion Coordinating Com- 
mittee 

C. L. Mercer, Chairman, Southwest- 
ern Bell Telephone Co., Box 58, 
Westfield, ‘Texas. 


Wade, Vice Chairman; World 
Supply Co., Suite 807, 3400 Mont- 
rose Blvd., Houston, Texas 

A. L. Stegner, Secretary; Tennessee 

as Transmission Co., P. O. Box 
2511, Houston Texas. 


T-7E Western Region Corrosion Co- 
ordinating Committee 


Irwin C. Dietze, Chairman, Dept. of 
Water & Power, Box 3669, Terminal 
Annex, Los Angeles, Calif. 


Dorsey, Vice-Chairman; South- 
ern California Gas Co., Box 3249, 
game Annex, Los Angeles 54, 

al. 


Cathodic Protec- 
tion Committee 

R. M. Evans, Chairman; Standard 
Oil Co., 11-C Camp, Taft, Cal. 


Ritter, Vice Chairman; South- 
ern California Gas Co., Box 
Taft, Cal. 


Bryant, Secretary, Pacific Gas 
Electric Co., 245 Market Street, San 
Francisco 6, Cal. 


San Diego County Underground Cor- 
rosion Committee 


Ray Ditto, Chairman, California Water 
Telephone Co., 386 Third Avenue, 
Chula Vista, Cal. 


Hall, Vice Chairman, Union Oil 
Co., Research Center, Brea, Cal. 


Waters, Secretary; City San 
Diego Water Department, San 
Diego, Cal. 


Electrolysis Committee Southern 
California 

Dietze, Chairman, Dept. 
Water Power, City Los Angeles, 
Box 3669, Terminal Annex, Los 
Angeles 54, Cal. 

Knapp, Secretary, 308 Beaumont 
Drive, Vista, Cal. 


The Joint Committee for the Protec- 
tion Underground Structures 
the East Bay Cities 

Moulthrop, Chairman; Pacific 
Gas & Electric Co., 1625 Clay 
Street, Oakland 12, Cal. 

Leslie Paul, Vice Chairman; East Bay 
Municipal Utility District, 
Box 4616, Oakland 23, Cal. 

Notley, Secretary-Treasurer; 
Key System Transit Line, 3493 Hol- 
lis Street, Oakland 8, Cal. 

The San Francisco Committee 
Corrosion 


A. J. Badura, Chairman; Western 
Union Tel. Co., 125-12th St., 
Oakland, Cal. 


Hughes, Secretary; Pacific Tel. 


Tel. Co., No. McCoppin St., 
San Francisco, Cal. 


T-7F Canadian Region Corrosion Co- 
ordinating Committee 
Roach, Chairman, Bell Tele- 
Canada, Room 1425, 1050 
eaver Hall Hill, Montreal, Quebec, 
Canada. 
Kuster, Vice Chairman, Union 
Gas Co. Canada, Ltd., Fifth 
Street, Chatham, Ontario, Canada. 


Southern Ontario Committee Elec- 
trolysis 

Dellenbach, Chairman; Sarnia 
Products Pipeline, Imperial Oil 
Ltd., Box 380, 
Ontario, Canada 

G._I. Russell, Vice-Chairman; G. I. 
Russell Ltd., James Street, 
Burlington, Ontario, Canada 

L. F. Heverly, Secretary-Treasurer; 
Trans-Canada Pipe Lines Ltd., 
King St. East, Toronto Ontario, 
Canada 


E. B. Backensto, Chairman; Socony 
Mobil Oil Co., Inc., Res. Dev. 
Department, Paulsboro, 

Cecil Phillips, Vice Chairman; 
Humble Refining Co., 150 
East Texas Avenue, Baytown, Texas 

Merrick, Secretary; Esso Re- 
search Engineering Co., 
Box 8, Linden, N. J. 


T-8A-1 Chemical Cleaning 

F. B. Hamel, Chairman; Standard 
Oil Co. (Ohio), Midland Bldg., 
Cleveland, Ohio 


Wakeman, Chairman; 1413 
Edgemont Street, Los Angeles 27, 
California, 

Richards, Vice-Chairman; Clapp 
Laboratories, Washington St., Dux- 
bury, Mass. 


Charles E. Lane, Chairman; Marine 


Laboratory, University Miami, 
Coral Gables 34, 


T-9B Preservatives and Their Ap- 
praisal 

aval Research Lab., Code 6120, 
Washington, D. C. 
T-9D Correlation of Evaluation of 
Preservatives 


Walter Bejuki, Chairman; National 
Academy Sciences, National Re- 
search Council, 2101 Constitution 
Ave., Washington 25, 


Changes NACE Regional and Sectional Officers’ Directory 


® Chicago Section 

H. C. Boone, Chairman; 116 Iroquois 
Drive, Black Hawk Heights, Clar- 
endon Hills, Illinois 

I. 3. Acosta, Vice-Chairman; Crane 
Company, 4100 Kedzie Ave., 
Chicago, Illinois 

D. G. Keefe, Secretary; Swift and 
Company, Union Stock Yards, 
Chicago 9, Illinois 

Wayne Schultz, Treasurer; Dearborn 
Chemical Company, 375 Merchan- 
dise Mart, Chicago 54, Illinois 


@ Greater Boston Section 


Walter E. Langlois, Chairman; West- 
inghouse Electric Corporation, 220 
Nichols Street, Norwood, Mass. 


Barnwall, Vice-Chairman; 
Technical Coatings, Inc. P. O. Box 
63, Millbrook Station, Duxbury, 
Mass. 


Manson Glover, Secretary-Treasurer; 
Glover Coating Company, Inc. 215 
Pleasant St., Stoughton, Mass. 


Miami Section 


Howard Bonebrake, Chairman; Alu- 
mium Co. of America, 1605 Alfred 
I. DuPont Building, Miami, 
Florida 

Harvey Sasman, Vice-Chairman; Sas- 
man Engineering Co., P. O. Box 
452, Miami, Florida 


John Burns, Secretary-Treasurer; 
Florida Power & Light Co., P. O. 
Box 3311, Miami, Florida 


Southwestern Ohio Section 

W. E. Hare, Chairman; Hare Equip- 
ment, 1720 Section Road, Cincin- 
nati 37, Ohio 

R. L. Wood, Vice Chairman; Cin- 
cinnati Gas & Electric Company, 
P. O. Box 960, Cincinnati, Ohio 

S. Clifford Jones, Secretary; Cincin- 
nati Gas & Electric Company, 2120 
Dana Avenue, Cincinnati 7, Ohio 

Arthur D. Caster, Treasurer; Engi- 
neering Department, City Cin- 
cinnati, Room 406, City Hall, 
Cincinnati Ohio 
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HERE ARE COMPANION PRODUCTS MAKE 


YOUR FIGHT AGAINST CORROSION... 


They are: Tygorust primer that locks 
protective coatings damp dry 

rusted steel; and Tygon Hot Spray 
vinyl which builds film thickness 

mils better just two passes 

spray gun. 


Cost savings are big. First all, surface 
preparation costs are reduced 

materially. Second, material costs are 
lessened because Tygon Hot Spray requires 
thinners. Third, application costs 

are lowered because two spray passes give 
film thickness equal five coats 
conventionally applied paints. Fourth, longer 
life means lower maintenance costs, less 
frequent recoating. 


But cost savings are, sense, the least 
important part the story. You get 

better protection, more complete 
protection, longer lasting protection from 
corrosive attack. 


ADHESION 
THICKNESS 
DENSITY 


s 
s 
s 


Get the full story today. Write 
for your free copy the 
TYGON painting manual. Ad- 
dress: Plastics Synthetics 
Div. Stoneware, Akron 
Ohio. 


PLASTICS AND 
SYNTHETICS 
DIVISION 


New York Chicago Houston 


= 


Firm 
nnounces New 


Discovery 
put the market today new 
wrought iron described 
most significant development 
history the metal. 
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improved product, known 
wrought iron, least per 
corrosion 
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HYDROGEN ABSORPTION, 
EMBRITTLEMENT 
and FRACTURE STEEL 


Arnold Schuetz, Research Department, Bridgeport Brass Company, Bridgeport, Conn. and Robertson, Hammond 


Laboratory, Yale University, New Haven, Conn. 


Reprint Copies 
Now! 
Per 


Copy 
Postpaid 


This 24-page illustrated report replete with figures 
and tables this basic research findings. 


Basic Facts 
Mechanism 


Hydrogen Sulfide 


Stress Corrosion 


The findings 4-year inquiry into the 
fundamental reactions involved the so- 
called spontaneous fracture steel re- 

sult hydrogen absorption the presence 
sulfides. 


This project, supervised Technical Unit 
Committee T-1G Sulfide Stress Corrosion Crack- 
ing, was financed industrial firms concerned 
with this problem the expectation that un- 
derstanding the fundamental reactions involved 
would lead solution. 


Data this report are expected useful not only im- 
mediate steps reduce the losses due spontaneous failure 
but also foundation for subsequent inquiries into phe- 

nomena associated with hydrogen absorption and embrittle- 
ment steel. 


To: Hull, Executive Secretary 
National Association Corrosion Engineers 


(Please Print) 


Publication 


No. 57-17 


Name 


Number and Street Name Postoffice Box No. 


City Zone State 


Enclosed for: Add 65c per package all ad- 

Copies $2..... dresses outside the United States, 

Book Post Canada and Book Post 
Registry. 


ORDER YOUR 
COPY TODAY 


you are concerned with operation 
equipment subjected hydrogen 
sulfide environments are manufac- 
turing equipment for service this 
environment you will want copy 
this report. 


Another Contribution 
NACE the 
Understanding 
Corrosion Processes 
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How 


After each film coating applied, the 
pipe baked approximately hours 
electronically controlled bake ovens 250 
degrees This even temperature 

baking drives out the coating solvents and 
prepares the coated surface receive 

the next coat. Forced air cooling between 
coats speeds the process. After the 

final coat applied, the pipe baked 
approximately 450 degrees fuse 

all coats, creating one coating, tightly 
bonded the metal. The entire 

baking operation automatic the heat 

the result consistently perfect. 
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Coating flows into irregulari- 
ties pipe surface. Successive 
layers produce desired coat- 
ing thickness. 


Service Mark Reg. Pat. Off. 


Branch Plant Harvey, La. 


Final baking polymerizes sep- 
arate films into one uniform 
coating, permanently fused 
the pipe surface. 


TUBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE LOWER COST PER FOOT! 
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TAKE CLOSE LOOK... 


REAL CASING SEAL 


FOR BIG-INCH 


STAINLESS STEEL 
BAND, ANCHORED 
SECURELY 
CLAMPS 


STAYS PUT CASING 


TEETH AND EXTRA 
LONG GRIPPING AREA 
BUSHING SECURELY 


PUNCTURE 


EXTRA THICK SHOULDER (BUNA-S 
SYNTHETIC RUBBER) PREVENTS 
CASING EDGE FROM CUTTING 
THROUGH BUSHING 


TIGHT SEAL UNDER ADV 


WHEN PIPE 
OFF CENTER... 


SHIELD REQUIRED 


NEW ELONGATED LIP 


TWICE LONG TWICE 


THICKER FLEXIBLE 
ELIMINATES NEED FOR SHIELD. 
WITHSTANDS WEIGHT BACK- 
FILL EARTH 


ERSE CONDITIONS 


WHEN ENDO 


MOVEMENT OCCURS 


FOR PIPELINES SERVICE 


IMPROVED SPLICED 
BUSHINGS ARE AVAILABLE 


(Write for Literature) 


BOX 4038 TULSA OKLAHOMA 


REPRESENTATIVES: HOUSTON) AMARILLO PLAINFIELD, N. J. 
JOUET, ILL. © JACKSON, MICH. © LOS ANGELES ¢ SAN FRANCISCO 
BARTLESVILLE, OKLAHOMA © SEATTLE © SALT LAKE CITY © EDMONTON 
TORONTO VANCOUVER BUENOS AIRES CABIMAS, ZULIA, 
VENEZUELA @ DURBAN, NATAL, S..AFRICA @ PARIS, FRANCE @ SIDNEY, AUST. 
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32-A Hanley Industrial Ct. 
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For general maintenance work, corrosion authorities agree that coats 
mils minimum thickness are essential for good protection and economy. 
Three coats, including corrosion resistant primer, tend eliminate porosi- 
ties often found heavy-thickness single coat systems. 


maintenance system has been service-proven 
exceed these requirements and assure better chemical resistance acids, 
alkalies, water and weathering. 


The Carboline CS-200 system (61/2-7 mils): 

Rustbond Primer good edge coverage, reduces undercutting, bonds 
tightly wire brushed steel. Dries fast, speeds applica- 
tion. 


Polyclad #933-3 economical, high build intermediate coat formu- 
lated for better resistance penetration than heavily 
filled vinyl mastics. 


Polyclad #120-1 tight seal coat with outstanding resistance chemi- 
cals and weathering. 


Use Engineering Approach—compare solids content, coverage per 
gallon, mil feet per gallon, mil thickness per coat, resistance corrosive, estimated 
recoating cycles, COST PER SQUARE FOOT PER YEAR SERVICE. It's the soundest 
method determine the most effective, economical corrosion protection. 


WRITE TODAY for bulletins and specifications CS-200 Main- 
tenance System. Also, request our precision wet film thickness gauge—no obligation. 


SALES OFFICES: 

Boston, New York, Philadelphia, 
Pittsburgh, Detroit, Chicago, 
Houston, Denver, Los Angeles, 


ing cities. 


PHENOLINES and 
CARBOMASTICS 


St. 17, Mo. 
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NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Executive Offices: 1061 Bldg., Houston Texas 
Telephone CApitol 4-6108 


Assistant Secretary and Exhibition Manager.............. HUFF, JR. 
Technical Committee VANDER HENST 


Administrative Assistant 


Inquiries regarding membership, and all general correspondence should directed 
the Executive Secretary the administrative headquarters the National Association 


Corrosion Engineers 1061 Building, No. Main Street, Houston Texas. 


The National Association Corrosion Engineers non-profit, scientific 
and research association individuals and companies concerned with 


corrosion interested it, whose objects are: 


(a) promote the prevention corrosion, thereby curtailing economic waste and con- 
serving natural 


(b) provide forums and media through which experiences with corrosion and its prevention 
may reported, discussed and published for the common good. 


encourage special study and research determine the fundamental causes 
corrosion, and develop new improved techniques for its prevention. 


(d) correlate study and research corrosion problems among technical associations 
reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and design cor- 
rosion control. 


(f) contribute industrial and public safety promoting the prevention corrosion 


(g) foster cooperation between individual operators metallic plant and structures 
the joint solution common corrosion problems. 


(h) invite wide diversity memberships, thereby insuring reciprocal benefits between 
industries and governmental groups well between individuals and corporations. 


incorporated association without capital stock, chartered under the laws Texas. 
Its affairs are governed Board Directors, elected the general membership. 
Officers and elected directors are nominated nominating committee accordance with 
the articles organization. Election the membership. 


Advertising and Editorial Offices CORROSION 


Address all correspondence concerning advertising, circulation 
matters relating CORROSION the NACE executive offices, 1061 
Building, Houston Texas. Inquiries concerning and orders for reprints 
technical information published CORROSION should sent this address 
also. 
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Ont., Canada 
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Shell Development Co., Emeryville, Cal. 
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Representing Regional Divisions 
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Topic the Month 


Introduction 


LARGE distribution company 

recently found ex- 
tend the length tunnel which housed 
one its 30-inch cast iron The 
tunnel had been built under river near 
the turn the century and was con- 
structed masonry. During the course 
years following construction the 
tunnel, the roof the drift was dam- 
aged anchored vessel and severe 
water leakage into the tunnel resulted. 
order overcome the leakage, the 
drift was closed with concrete, which 
turn cut off the accessibility the main 
inspection and maintenance. 


Because the old main was inaccessible, 
was concluded that during reconstruc- 
tion welded steel main should in- 
stalled inside the 30-inch cast iron pipe 
through the drift. 

the beginning the reconstruction 
work, the cast iron main was taken out 
service and internal survey the 
main’s alignment was made. The survey 
disclosed number humps and bows 
the 400-foot section which made 
necessary limit the size the new 
steel main 20-inch. 


Application Cathodic Protection 

Various methods cathodic protec- 
tion were considered the initial stages 
planning the installation the steel 
section main under the river. Because 
the problem (1) obtaining the right 
way and (2) maintaining electric serv- 
ice for the rectifier-groundbed type 
system, was decided that cathodic 
protection system galvanized anodes 
should used. addition, the galvanic 
anodes would less likely give any 
interference this congested area 
underground utilities. 

Since the two shafts the tunnel 
normally were filled with water, the 
problem placing magnesium anodes 
along the 24-inch pipe the 9-foot di- 
ameter shafts was relatively simple. 
order make the anodes the shaft 
readily accessible for future replacement, 
threaded brass bolts were installed 


*The Peoples Gas Light and Coke Company, 
Chicago, Illinois. 
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Use Magnesium Anodes Protect Steel Mains 


HAROLD BOONE* 


the anode location the wall the 
shaft and disk-type anodes were held 
place with brass nut. The magnesium 
anodes were insulated from the brass 
bolts and the wall the shaft. The 
individual anodes were connected 
collector wire which was brought 
point above the water line the shaft 
order that the total anode current 
could read any time. 

The tunnel was drained every 
five years for periodic inspection. 
inspection, should the anodes need re- 
placing, the old anode cores could easily 
slipped from the brass bolts and re- 
placements made. However, was ex- 
pected that the 
magnesium anode would last through 
several inspection periods and still give 
adequate cathodic protection the pipe 
and steel brackets the shafts. 


Use Magnesium Rods 

accomplish the same thing the 
20-inch steel pipe inside the 30-inch cast 
iron pipe the drift was not simple. 
The two principal difficulties were (1) 
get the magnesium anodes along the 
pipe inside the casing pipe and (2) 
obtain desired years magnesium 
anode life. 

study the problem indicated that 
the anodes must pulled into the casing 
the pipe, and that this could best 
accomplished attaching the anode 
each the insulated casing bands. The 
casing insulator bands were placed every 
ten feet facilitate pulling pipe 
over the humps and bows the casing. 

search magnesium anode manu- 
facturers showed that anodes molded 
fit the curvature the pipe were not 
available; however, was found that 
the 1.05-inch diameter steel core mag- 
nesium rod was available and could 
fastened the casing insulators be- 
tween the runners. 

magnesium rod each seven inches long 
were attached the casing insulator 
band with insulated steel cable. The 
anode leads were brought out from the 
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anode groups seven and attached 
the steel main. Each 
weighs approximately one-half pound, 
seven pounds magnesium were dis- 
tributed along the main ten-foot in- 
tervals. The anodes were insulated from 
the steel band the casing insulators 
with pad rubber, and ends the 
anodes were coated with pipe coating 
reduce the anode surface area exposed. 
was necessary reduce the exposed 
anode surface areas order get the 
desired number years cathodic 
protection. 


addition the corrosion protec- 
tion supplied the anode current, the 
resulting action between steel and mag- 
nesium will deplete the oxygen the 
captive water around the pipe (in the 
sealed casing) and further reduce the 
rate corrosion the steel pipe. 

believed that the magnesium 
anodes will provide adequate protection 
for over years. Calculations pro- 
tective life were based upon the excel- 
lent pipe coating and the resistance 
the tunnel water. 


Figure 1—Magnesium rods attached to casing insu- 
lator band with insulated steel cable. 
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Introduction 


URING RESEARCH the cor- 

rosion metal single crystals, the 
remarkable effectiveness Sn(II) ions 
reducing the corrosion single crys- 
tals iron and steel citric acid the 
boiling point was noted.’ Although the 
reduced corrosion steel fruit acids 
little work appears the literature 
the effect small amounts other 
metallic ions corrosion. order 
understand better the effect 
inhibitor and see how general 
such effects are, broad survey was made 
the effect different metallic ca- 
the corrosion rate metals several 
boiling media. 


Experimental Details 


Cylindrical specimens, exposing sur- 
face areas 4-8 cm, were corroded 
100 boiling solutions containing 
maximum 0.001 mole/liter foreign 
metal salt. Corrosion rates were deter- 
mined weight loss all-glass 
assembly consisting 250-ml Erlen- 
meyer flask with 19-inch long reflux 
condenser. The top the condenser was 
covered with inverted beaker pre- 
vent extraneous matter from dropping 
into the reaction flask. Specimens 
given metal, all approximately the same 
area, were degreased and heavily etched 
remove the strain introduced ma- 
chining shape lathe. final light 
etch was given the corroding solution 
under test, followed thorough wash- 
ing distilled water and storage 
desiccator. Whenever possible, the me- 
tallic cation was added the salt the 
acid being used the corrosion test 
order avoid the introduction 
foreign anion. However, the concen- 
trations employed, less, for- 
eign anion, such chloride citric 
acid, did not have any measurable effect 
the corrosion rate. 

The duration experiment was 
determined the activity the metal. 
the case manganese citric acid, 
experiments were terminated neces- 
sity minutes. With the less active 
metals such copper, experiments were 
run for 16-48 hours. The corrosion rates 
reported are average values over the 
period the experiment. These values 
are use only for comparative purposes 
and have absolute significance, since 
the rates were not always linear with 
time. The data are reported many in- 
stances function the position 
added metallic ion the periodic 
table. 


Results 


Aluminum 0.2M Citric Acid 
All experiments were carried out 
concentrations added ion 10°M 


*% Submitted for publication February 24, 1958. 


308t 


The Activation and Inhibition 
Corrosion Metals Metallic Cations* 


ROGER BUCK, and HENRY LEIDHEISER, JR. 


Buck Leidheiser 


ROGER BUCK is a senior research chemist at 
the Virginia Institute for Scientific Research, 
Richmond, Virginia. He received a BS degree 
chemistry from the University Richmond 
in 1935 and a master’s degree in physical 
chemistry from Duke University in 1940. Be- 
fore coming to the Institute in 1952 he did 
college teaching. He is a member of the 
American Chemical Society, The Electrochem- 
ical Society and The National Association of 
Corrosion Engincers. 


HENRY LEIDHEISER, Assistant Director 
of the Virginia Institute for Scientific Re- 
search, a laboratory devoted to fundamental 
research in the physical sciences. Dr. Leid- 
heiser holds the PhD degree in physical chem- 
istry from the University of Virginia. His 
research interests are broadly in the field of 
the surface properties of metals and specifi- 
cally the fields electroplating and cor- 
rosion. 


and are summarized Table The 
rate corrosion the blank was low 
that inhibitory effects could not clearly 
defined. and the group 
transition elements were activators 
and increased the rate appreciably. 


Aluminum 


The results obtained the presence 
10°M added metal ion are plotted 
Figure and results for the transition 
metals function concentration are 
plotted Figure All the group VIII 
elements, different extents, were ac- 
tivators and the elements groups III 
and (Tl and Pb) were slight inhibi- 
tors. Mercury and indium were outstand- 


CORROSION IN (x 10%) 


POSITION OF ADDED ION IN PERIODIC TABLE 


Figure 1—Corrosion rate aluminum boiling 
HCI containing metal ions. 


Abstract 


A broad survey was made of the cor- 
rosion of aluminum, cadmium, copper, 
gold, iron, magnesium, manganese, mo- 
lybdenum, nickel, silver, tin, titanium, 
tungsten, zinc, and zirconium 
and mineral acids at the boiling point in 
the presence of low concentrations of 
foreign metallic ions. As a general rule, 
cations of the elements in groups II 
through V in the periodic table showed 
the highest tendency to decrease the 
rate of corrosion and the transition ele- 
ments in group VIII showed the high- 
est tendency to increase the rate of cor- 
rosion. The relative effectiveness of the 
ions was a function of the metal under- 
going corrosion and the acid used. As 
far as could be determined, all the me- 
tallic ions which affected the corrosion 
rate did so by virtue of plating out on 
the metal surface. However, the adher- 
ence of the depositing metal did not ap- 
pear to be related to the effect of the 
depositing metal on the corrosion rate. 
The activators and inhibitors altered the 
corrosion rate at concentrations as low 
as 10-7 to 10-5 M. These concentrations 
are equivalent to 0.1 to 10 atomic layers 
of the added metal if it is assumed that 
all the ions end up on the metal surface. 
many cases when the added ion was 
neighbor the periodic table the 
metal undergoing corrosion, an unusual 
rate of corrosion was obtained. As ex- 
amples of this fact, copper was an effec- 
sg inhibitor for the corrosion of nickel 
hydrochloric acid and antimony was 
an effective activator for the corrosion of 
tin. 3.4.8 


ing that they increased the rate 
corrosion more than the most active 
group VIII element, ruthenium. The ex- 
tremely deleterious effect mercury 
aluminum well known. 


Aluminum 0.6M 


The results this study are summa- 
rized Table The blank rate was 
very high but was still possible 
detect activation the platinum metals, 
gold, iron, and chromium. Beryllium and 
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Figure 2—Corrosion rate of aluminum in boiling 2M 
HCI containing different concentrations of transition 
elements. 
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Figure rate Armco iron boiling 
0.2M citric acid containing 10-? M metal ions. 


tin, and lesser extent bismuth, were 
inhibitors and decreased the rate. 


Cadmium 0.2M Citric Acid 

The effects only four ions, namely, 
silver, indium, tin, and antimony, were 
studied when present concentration 
The results are given Table 


Copper HCl 

The results obtained with added 
ions are summarized Table 
not known whether simple hydrogen 
evolution type reaction another dis- 
solution reaction occurred. 


Gold shavings did not corrode any 
appreciable extent constant boiling 
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Figure 4—Corrosion rate of Armco iron in boiling 
0.6M HCI containing different concentrations of 
transition elements. 


Armco 0.2M Citric Acid 
Corrosion rates obtained with Armco 
rod the presence metallic 
ions are given Figure The striking 
correlation between the effects the 
added ion and the position the added 
ion the periodic table evident. Tin 
and lead from group and arsenic 
from group were the best inhibitors 
and the transition elements group VIII 


containing 10°M concentrations were the best activators. Ruthenium in- 


creased the rate about 20-fold, whereas 
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Figure rate Nivac nickel boiling 
2M HCI containing 10-? M metal ions. 


tin decreased the rate percent its 
blank rate. 

the case those elements less active 
than iron, deposit the added metal 
soon became visible the iron surface. 
However, the case the effective in- 
hibitor, tin, the deposit was scarcely visible 
even the end the run. the majority 
cases the deposits were non-adherent. 
correlation between deposit appear- 
ance and effect the second metal 
the corrosion rate was detected. Non- 
flaking deposits were obtained with tin, 
lead, cadmium, and nickel, mention 
four, yet nickel was activator and the 
other three metals were inhibitors. 


Armco 

few measurements were made the 
corrosion iron the presence vary- 
ing concentrations transition elements. 


TABLE 1—A Summary Results Obtained and Not Included Figures 


CORROSION RATE MOLES/CM 2/HR 
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| | Silver in | 
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Figure 6—Corrosion rate of Nivac nickel in boiling 2M 
H2SO; containing 10-* M metal ions. 


105) 


IRIDIUM 


60} 


RHODIUM 


PALLADIUM 


1 
“4 


LOG OF CONCN. OF ADDED ION (MOLES/LITER) 


Figure 7—Corrosion rate Nivac nickel 
containing different concentrations 
transition elements. 


These results are summarized Figure 
The slopes the curves corrosion 
rate versus log concentration added 
ion were approximately the same for 
rhodium, ruthenium, palladium, 
dium. Osmium had significant effect 
the corrosion rate concentrations 
high 


Magnesium 

Magnesium specimens were very active 
boiling citric acid. shown Table 
none the six added ions significantly 
changed the corrosion rate. 


Manganese 0.2M Citric Acid 


Manganese corroded very fast rate 
which was not significantly affected 
the presence ions arsenic, cadmium, 
chromium, iridium, iron, lead, osmium, 
silver, thallium, tin, ruthenium, 
shown Table Indium was unique 
that decreased the rate about 
percent the blank rate. 


Molybdenum HCl 


appreciable corrosion occurred 
the presence any added cation 
shown Table 


Nickel 


The results obtained the presence 
added cations are shown Figure 
Copper was outstanding inhibi- 
tor and lowered the rate approximately 
percent the blank value. Only 
very small amount copper formed 
the surface. The difference color could 
detected with certainty only ex- 
amining side side nickel specimen 
corroded the presence copper and 
one corroded the absence copper. 
All the platinum metals were effective 
activators. 
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Figure 8—Corrosion rate of tin in boiling 2M HCI 
containing M metallic ions 


Nickel 


The results obtained the presence 
added cations are given Figure 
Inhibition was obtained, HCl, 
with ions groups and the 
periodic table, plus bismuth from group 
and copper from group 


The effects concentration added 
platinum metal are summarized Figure 
for osmium, iridium, rhodium, and pal- 
ladium. The results with nickel differed 
from those with iron and aluminum 
that the slope the corrosion rate versus 
log concentration was not the same for 
each the four platinum metals studied. 


Silver Constant Boiling 


shown Table all six platinum 
metals were effective increasing the 
rate corrosion silver. This ability 
increase the corrosion decreased the 
order: rhodium, iridium, ruthenium, 
platinum, osmium, and palladium. 


Tin HCl 

Two batches tin obtained differ- 
ent times were used. One lot corroded 
rate 4.4 times faster than the other. 
Analysis the two batches indicated 
that the faster corroding material con- 
tained higher antimony content. Since 
antimony proved powerful activa- 
tor for the corrosion seems reasonable 
attribute this difference blank rate 
the antimony content the tin. Re- 
sults with the added ions were consistent 
for the two samples tin only results 
with one sample are shown Figure 
fine correlation the corrosion rate 
with position the added ion the 
periodic table can seen. Corrosion 
rates versus log concentration added 
ion are plotted Figure for iridium, 
ruthenium, antimony, and osmium. 


The results obtained the presence 
10°M added ions are summarized 
Table The platinum metals, antimony, 
and gold were effective inhibitors. 
few the metals, notably nickel and 
copper, increased the rate approxi- 
mately double its blank rate, but the ma- 
jority the metals had major effect 
the rate. 

Corrosion runs were made func- 
tion concentration for both platinum 
and rhodium. the presence 
ions and above, titanium exhibited 
corrosion. Between ion concentrations 
and corrosion was decreased, 
and below concentrations the 
ions were without effect. Several samples 
which were exposed rhodium concen- 
trations greater than 10°M and showed 
corrosion, were put acid containing 
metallic cations. corrosion was 
after two hours the boiling 
aci 
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Figure 9—Corrosion rate of CP tin in boiling 2M 


HCI containing different concentrations transition 
elements and 


Tungsten HCl 

can seen from Table ap- 
preciable corrosion occurred the pres- 
ence any the added ions. 


Zinc 0.2M Citric Acid 

Measurements were made the pres- 
ence different cations concen- 
tration 10°M zinc marine anode 


grade. These results are summarized 
both Figure and Table 


Zinc (99.999 percent) 0.6M NaOH 

The magnitude the effects the 
added ion was less sodium hydroxide 
than citric acid but there was 
great difference the relative effects 
the two media can seen com- 
parison Figures and 11. 


Discussion 


Although number investigators 
have made observations several 
the systems studied herein, broad sur- 
vey the type carried out this investi- 
gation apparently has been made. 


Corrosion specialists know from ex- 
perience that the platinum metals should 
kept out contact with less noble 
metals because the great danger 
galvanic corrosion, and generally 
appreciated workers concerned with 
tinplate that tin ions are inhibitors for 
the corrosion iron under anaerobic 
conditions. Such effects metallic ions 
are generally attributed reduction 
elevation the hydrogen overvoltage 
the surface galvanic effect. This 
natural view the fact that there 
parallelism the relationship the 
hydrogen overvoltage the metals, the 
standard electrode potential, and the ef- 
fect the added metal the corrosion 
with position the periodic table. 


This parallelism far 
however, can seen from compari- 
son Figures and with Figures 
that the hydrogen overvoltage, the 
standard electrode potential, and the ef- 
fects the added metal corrosion, 
all have their origin the electronic 
properties the metal. Corrosion rate 
not consequence the other two, but 
all three effects can traced back 
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Figure 10—Corrosion rate zinc boiling 0.2M 
citric acid containing metal ions. 
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Figure 11—Corrosion rate zinc boiling 0.6M 
NaOH containing 10-? M metal ions. 


common cause. The properties the 
various systems are dependent upon how 
the electrons interact the surface 
contact between the two metals. This 
electronic interaction moderately well 
understoed the cases the thermo- 
electric force developed between two 
metals and the contact potential differ- 
ence. Corrosion under the conditions 
studied this investigation much 
more complicated phenomenon, how- 
ever, since not only does involve two 
metals and aqueous medium, but 
rate process with all the consequent 
difficulties understanding the factors 
which govern electronic transition prob- 
abilities. 

Before presenting comprehensive in- 
terpretation the experimental results, 
two additional types studies must 
carried out: (1) Studies the effect 
galvanic coupling one metal an- 
other under conditions where the ions 
the second metal cannot come into 
contact with the corroding metal, and 
(2) Studies the effects anions 
the corrosion the metals used 
this investigation. Both these studies 
have been started and encouraging re- 
sults are being obtained. 

far could determined, all the 
metallic ions which affected the corro- 
sion rate did virtue plating out 
the metal undergoing corrosion. De- 
posits the added metal were visible 
only when the concentration exceeded 
10° but some cases the de- 
posit the added metal was scarcely 
visible the surface even higher con- 
centrations. The deposits the case 
tin iron and copper nickel must 
have been extremely thin because they 
could detected only careful exami- 
nation the end the experiment. The 
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Figure 12—The relation between the hydrogen over- 
voltage of the elements and their position in the 
periodic table. 
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Figure 13—The relation between the standard elec- 
trode potential the elements and their position 
the periodic table. 


TABLE 2—Order Decreasing Effect Inhibiting Corrosion 


Iron Aluminum Nickel Tin Zinc 
Lead Lead Mercury Mercury Mercury 
Tin Thallium Tin Lead Lead 
Indium Cadmium Indium Tin Indium 
Cadmium Indium Cadmium Indium Thallium 
Thallium Tin ead Cadmium Cadmium 
Mercury Mercury Thallium Thallium Tin 


TABLE 3—Order Decreasing Effect Accelerating Corrosion 


Aluminum Iron Nickel Tin Zinc 
Ruthenium Platinum Platinum Iridium Ruthenium 
Nickel Ruthenium Iridium Ruthenium Nickel 
Cobalt Rhodium Ruthenium Platinum Palladium 
Rhodium Osmium Rhodium Palladium Platinum 
Osmium Iridium Osmium Rhodium Cobalt 
Iridium Palladium Palladium Osmium Iron 
Palladium Nickel Iron Cobalt 
Platinum Cobalt Cobalt Nickel 
Iron Iron : Nickel Iron 


adherence the depositing metal did 
not appear related the effect 
depositing metal the corrosion rate. 
Corrosion activators some cases 
formed spongy, non-adherent deposits 
and other cases apparently continu- 
ous, adherent deposits. Inhibitors also 
were observed which showed both types 
deposits. 

obvious from quick perusal 
the figures that corrosion many the 
metals was increased the platinum 
metals and that inhibition occurred 
most cases groups through the 
periodic table. general, there was 
smooth change the corrosion rate 
the atomic number changed for the ele- 
ments forming series from group VIII 
group several cases the effect 
mercury was anomalous with respect 
smooth change with atomic number. 
exhibited some instances lower 
rate than would expected the basis 
its position the periodic table and 
other instances higher rate (alu- 
minum acid, This 
anomalous effect mercury may 
result its low melting point and the 
consequent ability form continuous 
layer over the surface. Experiments 
should carried out concentrations 
lower than determine its ef- 
fect anomalous under conditions where 
very thin deposits only could formed. 


Titanium was that the 
platinum metals reduced the corrosion 
rate very low value. Similar 
observations have been made previously 
The platinum metals may effective 
because the atoms assume substitutional 


positions the surface oxide film and 
thus stabilize it, because they furnish 
sites for hydrogen evolution and protect 
disruption the oxide film, because the 
potential between the platinum metals and 
titanium sufficient form anodically 
protective oxide film. not possible 
the present time decide between these 
and other interpretations the results. 


Relative Effectiveness Cations 


There were striking differences the 
relative effectiveness the 
tions. example, the relative effec- 
tiveness lead, tin, indium, cadmium, 
thallium, and mercury inhibiting the 
corrosion iron, aluminum, nickel, tin, 
and zine are given Table will 
noted that lead was the most effective in- 
hibitor for iron and aluminum, effective 
inhibitor for tin and zinc, and ineffective 
with nickel, Mercury was effective in- 
hibitor for the corrosion nickel, tin, and 
zinc, ineffective with iron, and corrosion 
accelerator for aluminum. 


the relative effectivenesses the 
transition metals are treated the same 
manner, the decreasing order shown 
Table obtained. From these data the 
transition elements can ranked the 
following average order decreasing 
effectiveness: 


Ruthenium 
Platinum 
Rhodium 
Osmium 
Palladium 
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Nickel 

Cobalt 

Iron 
This ranking, however, good only 
generalization, and may not valid 
specific instances. Nickel, ranked low 
the list, was very effective increas- 
ing the corrosion aluminum. Osmium, 
which the center the list, was 
effective increasing the corrosion 
iron citric acid, yet had effect 
the corrosion iron hydrochloric 
acid. These summations only point more 
clearly the conclusion that the effects 
the added metallic ions are function 
the metal subjected corrosion and 
the medium which 
occurs. 

many cases, shown Figures 
and the rate corrosion over 
limited concentration range was linear 
function the logarithm the concen- 
tration. great importance attached 
this fact the present time and the 
method plotting was chosen for con- 
venience only. 

the surface area the metal under- 
going corrosion assumed the 
order five times that the geometric 
area, concentration approximately 
the metallic ion contains 
quantity the added metal sufficient 
form monolayer the surface. Extra- 
polation the linear portion the 
curves for the group VIII activators re- 
sults intersection the blank rate 
concentrations the range 10° 
10°M. These concentrations are equiva- 
lent 0.1 atomic layers the 
added metal assumed that all the 
ions end the surface. Only few 
experiments were carried out with in- 
hibitor ions function concentra- 
tion. Here, likewise, the lowest concen- 


tration which the inhibitory effect 


the added ion could observed was 
the range 10°M; the inhibition 
the corrosion iron tin and 
titanium the platinum metals disap- 
peared the vicinity 10°M. 

One the more unusual observations 
made this survey was the anomalous 
corrosion rate obtained some cases 
when the added metal was neighbor 


TABLE 4—The Correlation the Corrosion Rate Iron Boiling 0.2M Citric Acid with 
the Nickel Impurity Content 


IRON SAMPLE 


Armco Iron ‘‘P’’.... 
Plastiron 


Ferrovac-E 
Type-L steel...... 


Moles/sq cm/hr (X 105) 


Corrosion Rate i 
Ni Content of Iron 


0.0004% (actual) 
ll 0.0002% (actual) 
13 Unknown 
21 Unknown 
29 0.008% (typical) 


30 0.0015 (approx.) 
(also contained less than 
0.00095% Ir) 


0.005% (typical) 
0.01 to 0.03% (actual) 


9.1 


the periodic table the metal under- 
going corrosion. examples this 
fact, copper was good inhibitor for the 
corrosion nickel HCl; antimony 
was powerful activator for the corro- 
sion tin nickel was very effec- 
tive activator for the corrosion 
iron; and copper was strong activator 
for the corrosion zinc citric acid 
and NaOH. was not possible deter- 
mine this unusual effect was character- 
istic all the corroding metals, since 
many cases the energy relationships 
are such that the neighbors the pe- 
riodic table could not converted 
the free atom any appreciable extent 
reaction the ion with the corroding metal. 


Transition Elements 


The tremendous influence some 
the transition elements the rate 
corrosion suggests that perhaps sig- 
nificant fraction corrosion aqueous 
solvents may result the presence 
impurities the metal which catalyze 
the transition the metallic atom the 
solvated ionic state. Since nickel great 
activator for the corrosion iron and 
analyses for nickel were hand for 
number irons this laboratory, 
comparison was made between the rate 
corrosion and the nickel content. This 
comparison given Table would 
dangerous draw broad conclusions 
from these results, but will noted 
that the irons with the lowest nickel 
contents corroded the lowest rates 
and the irons with the highest nickel 


will appear the December, 1958 issue 


contents corroded the highest rates. 
should stressed that the concentra- 
tions nickel may qualitative indi- 
cation the purity the material and 
the corrosion rates may not directly 
related nickel, but some other 
material the total content impurity. 


the case the corrosion alu- 
minum the corrosion rate was 
appreciably increased concentrations 
ruthenium and palladium low 
These results indicate that very 
small amounts some elements can 
drastically affect the corrosion rate. 


The results the activation cor- 
rosion may use deciding the 
composition stripping solutions for 
the rapid removal metal from sub- 
strate different material. The results 
may also use deciding which 
activators are best for the rapid solution 
scrap metal for conversion salts. 
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Introduction 
NCREASED INTEREST the use 
water primary heat-transfer 

medium solid-fuel reactors has 
prompted many studies aqueous cor- 
rosion reactor materials. Because un- 
alloyed uranium particularly suscep- 
tible corrosion water, considerable 
work has been done effort cir- 
cumvent the problem fuel-element 
corrosion alloying and cladding the 
uranium with resistant materials. 


Zirconium has appeared one the 
promising alloying and cladding ele- 
ments, for has favorable nuclear prop- 
erties and exceptionally resistant 
corrosion high-temperature water. 
has been found work low tempera- 
tures that alloys containing even slight 
additions zirconium the uranium 
(<20 weight percent) exhibit better cor- 
rosion resistance than does pure ura- 
Nevertheless, the corrosion 
these high-uranium alloys can seri- 
ous, especially water temperatures 
above 600 Consequently cladding 
needed, not only retain fission 
products, but also provide additional 
protection against corrosion. The possi- 
bility exists, however, that defect can 
develop the cladding. The core 
then contact with the water, and the 
volume expansion resulting from oxida- 
tion the uranium can enlarge the de- 
fect. fact, the mechanical strength 
the bond between the cladding and 
core weak, progressive oxidation may 
well result complete destruction the 
fuel element, even though 
defect but small pinhole. 


Factors which might affect this fail- 
ure are the strength properties the 
cladding material, the bond strength be- 
tween the core and cladding, the operat- 
ing temperature, the geometrical shape 
the fuel element, the impurities 
the water, and the corrosion rate the 
core. 
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Figure 1—Cross section of windowed autoclave. 
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major portion this investigation 
was the development windowed 
autoclave with which 
phenomenon could studied. This de- 
vice was fitted with time-lapse mo- 
tion-picture camera permit the obser- 
vation the physical changes the 
specimen and the evolution hydrogen, 
bubbles, during the corrosion process. 
recording pressure gage provided 
quantitative data hydrogen-evolution 
rates. Information obtained this fash- 
ion, together with geometrical consid- 
erations, was used calculate corrosion 
rates. 

Initial experiments were concentrated 
finding the effects the core-cor- 
rosion rate (1) water temperature, 
(2) percentage zirconium the core 
alloy, and (3) the presence absence 
cladding. 


Apparatus 
order study the reaction de- 
fected specimens high-temperature 
water, the autoclave system was de- 
signed withstand temperatures 


Abstract 


description given the design and 
operation of a windowed autoclave sys- 
tem employed the study corrosion 
pressurized hot water. The device has 
been used to obtain time-lapse motion 
pictures the swelling and rupture 
deliberately 
uranium specimens. A method is de- 
scribed by which corrosion rates were 
calculated from pressure and tempera- 
ture measurements. A typical set of pic- 
tures taken during a test is presented, 
and corrosion rates are reported for 
uranium-0, 5, 10, 15, and 20 weight 
percent zirconium alloys subjected to 
600 F water. 8.4.5 


700 and pressures 3000 psi. The 
test vessel the windowed autoclave 
pictured Figure Two Herculite 
glass windows are mounted the ends 
legs extending downward from the 
main body the autoclave. Cooling the 
legs maintains the water inside them 
low enough temperature avoid etch- 
ing the glass, and the useful life 
the windows thus extended indefi- 
nitely. Since the cooler, more dense 
water the lowest part the auto- 
clave, there tendency for convec- 
tion currents disrupt the optical path. 

Water raised the test tempera- 
ture separate preheat autoclave, 
shown Figure Therefore, react- 
ing the defected specimen takes place 
until this elevated-temperature water 
allowed suddenly engulf 
heated test specimen. felt that this 
more closely simulates the effect 
actual defect occurring fuel ele- 
ment during reactor operation. 

arrangement mirrors, light 
source, and digital timer, along with 
time-lapse camera system, have been 
incorporated record the visible 
change the specimen during test. 
The optical system, shown Figure 
adjusted that picture taken 
simultaneously the specimen and the 


Pressure recorder 


Electrical leads 
to heating strips 
inside insulation 


Spot Light 
leg 


Bvacuate, fill, 
and drain’ ‘ Cooling water for legs 


Figure autoclave system. 
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SPECIMEN 


Lighted timer (readings in elapsed / ’ 
tenths of minutes) recorded on film "4 
simultaneously with image of 
corroding specimen 


SPOTLIGHT 


Mirrer-odjusting screw 


Asvtometic timer 


Solenoid tripper for exposing 
frames at chosen intervals 


Electric moter 


Figure 3—Photographing and observation system. 


Core flesh welded 
te ead plogs 


Figure 5—Representative reproductions from film of 
a test. Far right dial on digital timer indicates tenths 
of minute. 
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Pressure, 


Elapsed Time, min 


Figure 6—Typical plot pressures versus time. 


timer. Thus, each frame can identi- 
fied the elapsed time initial 
contact the specimen with the ele- 
vated-temperature water. The remaining 
equipment the system includes 
pressure recorder for obtaining data 
the total system pressure versus time, 
and valving and tubing facilitate the 
initial charging with water 
quent transfer hot water from the 
preheat the windowed autoclave. 


Specimen Description 


Two shapes specimens were chosen 
for this series tests, pin shape and 
flat disk. These were chosen both for 
their ease fabrication and for their 
geometrical similarity two common 
classes fuel elements, rods and plates. 

The pin-type specimens, depicted 
Figure were fabricated with urani- 
um-0, 10, 15, and weight percent 
zirconium alloy cores. Although some 
specimens each core alloy were fabri- 
cated with attempt produce 
metallurgical bond, was found after 
running several them the autoclave 
tests that unless the bond were excep- 
tionally strong, separation would occur 
the bond line adjacent the reacted 
region. This made the evaluation the 
instantaneous exposed core area, re- 
quired for the corrosion-rate calculation, 
extremely difficult. 

The coin-shaped specimen, illustrated 
Figure was chosen for investigat- 
ing the effect bonding the corro- 
sion rate, since this shape proved easier 
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handle analytically than the bonded 
pin shape. The specimens 
cated die pressing the loosely assem- 
bled pieces under vacuum high tem- 
perature, and maintaining the pressure 
for several hours effect bonding along 
all interfaces. 


Data and Results 


Data taken during test include 
film record, pressure-time curve, and 
temperature-time record. Figure 
from the film record the reaction 
defected, clad, pin-type specimen con- 
taining pure-uranium core which 
being subjected 600 water. The 
10-mil defect drilled through the zir- 
conium cladding can seen near the 
center the specimen the first few 
frames. The timer indicates that these 
nine frames span the time interval from 
0.50 40.85 minutes. can esti- 
mated from the progress the swell- 
ing, the reaction the core this 
temperature was quite rapid, and the 
cladding developed split after less than 
minutes. this particular test, after 
only minutes, the rupture had pro- 
gressed the point that oxide debris 
was falling onto the windows; 
minutes, the debris had completely ob- 
scured the view. 

the film records number 
tests, however, was possible con- 
tinue see the specimen clearly until 
the entire core had been oxidized. When 
this happened, two independent methods 
computing the corrosion rates were 
available. One was based the total 
time required for the known volume 
the core reacted, which could ob- 
tained studying the films and noting 
the instant which the last bubble 
hydrogen was evolved. The other made 
use the rate hydrogen evolution 
(as evidenced the pressure and tem- 
perature records). general, these two 
methods agreed within percent, which 
the range experimental 
error best (based the accuracy 
the contributing data). 

determine hydrogen-evolution 
rates, was necessary subtract the 
steam pressure from the total system 
pressure and correct for hydrogen 
solubility the water. Steam pressures 
were determined from steam tables 
vapor pressures corresponding the 
measured water temperatures. Figure 
shows typical plot total pressure, 
steam pressure, and hydrogen pressure. 
The hydrogen-evolution rate 
computed from this, with the aid the 
perfect gas laws, since the gas volume 
and temperature are known. the 
basis that the reacted uranium forms 
(which has been verified anal- 
ysis the debris), the hydrogen-evolu- 
tion rate can converted moles 
uranium oxidized per unit time. This 
simply one-half the mole hydrogen 
liberated per unit time. 

Calculation the corrosion rate per 
unit exposed surface area requires 
knowledge the functional relationship 
between the instantaneous core area ex- 
posed the water and the corroded 
volume. The analysis presented the 
Appendix, along with graphs the geo- 
metrical relationships for the particular 
specimen shapes used this study. 
generally done, the assumption 
made that attack proceeds uniform 
rate the direction perpendicular the 
surface being corroded. 

Table gives average values core- 
corrosion rates for various test and 
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Figure 4—Specimen configurations. 
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TABLE 1—Average Corrosion Rates 
Uranium and Uranium-Zirconium Alloys 
Pressurized Hot Water 


Nominal 
Zir- Aver- 
conium ~ Aver- age 
Content age Corro- 
(Balance Water sion 
nium), peci- per- 
Weight men cm) (hr) 


Cladding | ature, 
Percent Shape Condition 


Pin Unclad 587 6,260 
Pin Unborided 582 4,910 
Pin Unbonded 600 
Pin Unbonded 603 3,190 
Pin Unbonded 605 3,800 
Pin Unbonded 610 4,850 
Pin Unclad 587 3,150 
Pin Unbonded 600 4,860 
Pin Unbonded 612 6,300 
Coin Bonded 595 2,120 
Coin Bonded 600 4,440 
Pin Unclad 595 2,780 
Pin Unclad 602 2,310 
Pin Unbonded 570 2,330 
Pin Unbonded 590 13,000 
Pin Unbonded 604 
20 Pin Unbonded 610 1948 


a Corrosion rates calculated from time required 
for complete oxidation of core, as ascertained from 
cessation of hydrogen bubbling on film record. All 
others computed from pressure records. 


specimen conditions. check the va- 
lidity the assumption constant 
corrosion rate, the values were calcu- 
lated for several different intervals 
time (Equation A-4 the Appendix) 
each case. Although some rates ap- 
peared increase slowly while others 
seemed decrease the reaction pro- 
gressed, the variation about the mean 
was case larger than percent, 
and correlation could obtained 
with test conditions. 

will noted Table the water 
temperature was rarely exactly 600 
Factors determining the water tempera- 
ture were too numerous permit exact 
control. Thus, the uranium-0, and 
weight percent zirconium alloys are 
function temperature. Since other 
experimental data were available for 
ature region, the lower temperature 
values Mollison, English, and Nel- 
were extrapolated the 600 
range. This gave the straight line 
Figure which, though the validity 
such extrapolation may questioned, 
serves order-of-magnitude basis 
comparison for the test points. 


Discussion and Conclusions 

The principal purpose this investi- 
gation, stated earlier, has been the 
development research tool. Toward 
this end, the relatively small number 
tests run thus far have provided ade- 
quate evidence both the flexibility 
and limitations the windowed auto- 
clave. 

Data obtainable from the time-lapse 
photographs, although more qualitative 
than quantitative nature, are some 
value his particular type test be- 
cause the swelling and rupture the 
cladding resulting from the core reac- 
tion clearly visible and serves con- 
firm the rapidity with which low-zir- 
conium alloys uranium are oxidized 
high temperature water. addition, 
projecting the time-lapse 
ord test the normal speed 
frames per second, possible ob- 
serve the manner which particular 
cladding configuration fails. 


Corrosion 


= Unclod 
Bonded coin 


Ww/oZre Zr 


1000/T, R 
Figure 7—Average corrosion rates uranium and uranium-zirconium alloys versus the reciprocal temperature. 


Poor Bond 
Exposure 


Well Bonded 


Figure 8—Rupture of bonded coin specimens “ uranium-5 weight percent zirconium tested in 595-600 
water. 


Since the swelling produced the 
cladding direct result the urani- 
the core being converted the 
less dense was felt that more 
quantitative evaluation the influence 
various factors specimen rupture 
could made means the core- 


corrosion rate. For this reason, the 
method determining the core-corro- 
sion rate from the partial pressure 
hydrogen was developed. 

Although the results obtained from 
these tests have accuracy better 
than percent (based the accuracy 
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Figure 9—Volume of material reacted and exposed 

surface area as functions of depth of corrosion, Case 

1: Unbonded or unclad pin with protected ends; en- 
tire lateral surface exposed to corrodent. 


with which the pressures, etc., can 
measured), some conclusions 
drawn from the data based order-of- 
magnitude comparisons. 
again the graphical representation 
data (Figure 7), one observes that clad 
specimens react nearly the same rate 
unclad ones and zirconium additions 
weight percent provide only 
slight protection the uranium core. 
the other hand, the corrosion rates 
conium alloys were found 
order magnitude smaller than those 
the pure uranium the uranium-10 
weight percent alloy. 

The large dispersion the experi- 
mental points the unalloyed uranium 
and uranium-10 weight 
conium specimens overshadows any no- 
ticeable temperature effect; however, 
the data for the weight percent zir- 
conium alloy show 
corrosion rate higher temperatures. 
This strong temperature dependence 
has been substantiated other investi- 
gators and explains the sizable errors 
that may arise from difficulties de- 
termining specimen temperature pre- 
cisely. 

The discrepancy between the experi- 
mental points the pure uranium speci- 
mens and the line obtained 
data Reference may due not only 
the larger experimental 
volved but the doubtful validity 
extrapolating from data considerably 
lower temperatures into this range. 


Although the corrosion rate apparently 
high-uranium-alloy core with 
tive covering zirconium, the rate 
rupture decreased the degree 
the bonding increased. This 
expected, since the core surface exposed 
through defect bonded element 
will considerably less than one 
with bond. example this may 
that the rupture less severe the 
specimen with the stronger bond, and 
fact, after twice the exposure, sec- 
tion the well-bonded specimen core 
was still unreacted. 
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sin 


sin 6 de do dg, for: 520. 
ce 


A= Surface Area Exposed to Corrodent, in Units of a 
w 


V = Volume of Meterial Reocted, in Units of a3 


n-1(22) cos!(, 20 2/2 


cos~! 


t = Depth to Which Corrodent Has Penetrated, in Units of a. 


Figure material reacted and exposed surface area functions depth corrosion. Case 
Bonded pin, contact of corrodent at localized area on lateral surface. 
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APPEN Considera- 
tions Corrosion-Rate Calculations 


corrosion rate one the com- 
monly calculated quantities 
comparing the resistance materials 
the corroding action particular me- 
dium. the rate reaction per unit 
macroscopic surface area exposed 
the corrodent, and ordinarily 
pressed the mass material reacted 
per unit area per unit time. 

That is, 
(A-1) 


where: 
corrosion rate, 
area, 


time rate of mass reaction. 
Using the relation: 


(A-2) 


where: 

mass density parent material, and 
Equation (A-1) may expressed as: 


(A-3) 


the area exposed function the 
volume corroded: f(V) and the 
reaction rate, constant with re- 
spect time, the equation may ar- 
ranged and integrated: 
(te — ti) {(V)° (te — ti) 
Vi 


(A-4) 


where the time interval dur- 
ing which the corroded volume increases 
from 


volume 
area 
Equation 


and represents the integral. 
(A-4) becomes: 
p : dV 
(A-5) 
order apply this formula 
particular corrosion-rate calculation, the 
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V = Volume of Material Reacted, in Units of «? 


7 


n 


Volume of Material Reected, in Units of 


A= Serfoce Aree Exposed to Corredent, in Units of 


1 = Depth te Which Corredent hes Penetrated, in Units of «. 


Figure 11—Volume of material reacted and exposed surface area as functions 
of depth corrosion. Case 3: Pin with bonded lateral surface; corrodent contacts 


unbonded ends. 
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Figure 13—Volume/area integral as a function of 

reacted volume for an unbonded or unclad fuel pin 

with protected ends and entire lateral surface ex- 
posed to corrodent (Case 1). 


specific geometry involved must 
might cube with side length com- 
pletely submerged corrosive fluid. 


Thus: 
(a) volume cor- 
roded 


Volums/Ares Integral, in Units of « 


¥, © Total Reacted Voluee, in Units of 


Figure 14—Volume/area integral as a function of 

reacted volume for fuel pins. Case 2 is for bonded 

side, bonded end, hole in side; Case 3 is for bonded 

side, unbonded end, hole in end; Case 4 is for bonded 
side, bonded end, hole in end. 


(b) A=6(s—2r)’, instantaneous 
area exposed fluid. 


Solving (a) for terms 


r=— 


and substituting this value for (b) 
gives: 


Then, the case cube, Equation 
(A-5) becomes: 


Integrating yields: 


And finally: 


dv. 


t= Depth te Which Corredent Hes Penstreted, in Units of & 


Figure 12—Volume material reacted and exposed surface area functions 
of corrosion. Case 4: Bonded pin, yep | initially contacts localized area at 
one 


R,= Volum-Area Integral, unite of 


Total Reacted Voluse, in Units ef 


Figure 15—Volume/area integral as a function of 
reacted volume for completely bonded coin-shaped 
specimen with R = 8h. Pinhole is in center of one face. 


where: 


time reaction has been 
going 
reacted after time 


The corrosion rate cube may now 
calculated one knows the density 
(p) the material and the volume 
that reacted elapsed time This 
reacted volume might turn calcu- 
lated from: (1) weight change, (2) 
change dimensions, (3) the quantity 
reaction products formed, (4) the 
amount side product formed the 
reaction. 

calculate corrosion rate for any case 
which the geometry known and the 
exposed area can expressed par- 
ticular function the reacted volume. 
For illustrative purposes, this relation- 
ship presented for four geometries 
which might encountered reactor 
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fuel elements. assumed that the 
corrosion any exposed surface pro- 
ceeds perpendicular that surface 
uniform rate. Thus, when access the 
core through pinhole the bonded 
cladding, the corrosion would proceed 
spherically from that point. addi- 
tional assumption made that the cor- 
roding medium has free access the 
surface, with masking corrosion 
products. The sample cases are fol- 
lows: 

Case 1—An unbonded unclad pin 
with protected ends, which case the 


corrodent has access initially the en- 
tire lateral surface but not the ends. 

Case 2—A completely bonded pin, 
which initial contact the corrodent 
occurs localized point the lateral 
surface. 

Case 3—A pin with bonded lateral 
surface and unbonded end, which 
corrodent has free access this 
end. 

Case 4—A completely bonded cylin- 
der, which the corrodent contacts the 
core initially point located the 
center one the ends. 


Any discussions this article not published above 


will appear the December, 1958 issue 


ENGINEERS Vol. 


These four cases are presented graph- 
ically Figures through 12, which 
the instantaneous corroded volume and 
exposed area are plotted against com- 
mon parameter, the instantaneous 
depth penetration the corrodent. 
The mathematical steps for obtaining 
the final relationships between corrosion 
rate and reacted volume are not in- 
cluded; instead, the results the inte- 
gration for the four pin shapes are pre- 
sented graphically Figure and 14, 
and, for bonded flat-disk shape, 
Figure 15. 


DISCUSSIONS TECHNICAL ARTICLES ARE SOLICITED 


Discussions technical articles published Corrosion 
will accepted for review without invitation. Discus- 
sions must constructive, accompanied full sub- 
stantiation fact the form tables, graphs 
other representative data and submitted three 


typewritten copies. 


Authors discussions are asked supply one copy 
figures suitable for reproduction and will sent 
request copy the NACE Outline for the Prep- 


aration and Presentation Papers. 
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Discussions will reviewed the editor Corro- 
sion and will sent the author the paper 
discussed for his replies, any. Publication will 
the Technical Section with full credit the authors 
together with replies. Discussions papers presented 
meetings the association may submitted 
writing the time presentation later mail 
the editorial offices Corrosion, 1061 


Bldg., Houston Texas. 
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Publication 58-9 


Inter Society Corrosion Committee 
Glossary Corrosion Terms* 


Submitted the Subcommittee Standard Definitions and Terminology* 


the 1958 Meeting ISCC San Francisco, California 


ACTIVE 
state wherein passivity not 
evident. 

AERATION CELL 


See DIFFERENTIAL AERA- 
TION CELL. 


ANAEROBIC 


Free uncombined oxygen. 


ANION 


negatively charged ion radi- 
cal which migrates toward the 
anode under the influence 
potential gradient. 


ANODE 


electrode which net oxida- 
tion reaction occurs. 


6.** ANODE CORROSION 
EFFICIENCY 


The ratio the actual corrosion 
anode the theoretical 
corrosion calculated from the 
quantity electricity which has 
passed. 


ANODIC POLARIZATION 


Polarization anodes. 


ANOLYTE 


The electrolyte electrolytic 
cell adjacent the anode. 


ANTI-FOULING 


Pertaining the prevention 
marine organism attachment and 
growth submerged metal 
surface [through the effects 
chemical action].*** 


AUSTENITIC 


The face-centered cubic crystal 
structure ferrous metals. 


% This is the second in a series of corrosion 
term lists compiled by the ISCC. List No. 
1 appeared in Corrosion, 14, 71-72t (1958) 
Feb. 

* A, de S. Brasunas, chairman. Members are 
J. L. English, H. C. Gatos, J. J. Harwood, 
R. A. Powers, Milton Stern, L. P. Sudrabin 
and Norman Hackerman (ex officio). 

** Definition taken verbatim from Corrosion 
Handbook (H. H. Uhlig, editor), John 
Wiley and Sons, New York, 1948. 

*** Portions shown within brackets [ ] are not 
required for the definition and may be de- 
leted; they have been added to make the 
definition more easily understood. 


CATHODE 


electrode which net reduc- 
tion reaction occurs. 


CORROSION 


metal making cathodic. 


13. CATHODIC POLARIZATION 
Polarization cathodes. 


14.** CATHOLYTE 


The electrolyte electrolytic 
cell adjacent the cathode. 


15. CATION 


positively charged ion radi- 
cal which migrates toward the 
cathode under the influence 
potential gradient. 


16. CONCENTRATION CELL 


electrolyte cell, the emf 
which due differences 
composition the electrolyte 
anode and cathode areas. 


17. CORROSION 


The deterioration substance 
[usually metal]*** because 
reaction with its environment. 


18. CORROSION RATE 


The rate which corrosion pro- 


19. COUPLE 
See GALVANIC CELL. 


20.** CRITICAL HUMIDITY 
The relative humidity above 
which the atmospheric corrosion 
rate given metal increases 
sharply. 


21. CURRENT DENSITY 
The current per unit area. 


DEACTIVATION 
The process removing active 
constituents from corroding 
liquid [as removal oxygen 
from 


23. DEMINERALIZATION 


The process removing dis- 
solved minerals [usually 
chemical means].*** 


Abstract 


Definitions are given for some 50 com- 
monly used corrosion terms. For certain 
terms, supplementary wording included 
make the definition more easily under- 
1.7.3 


24. DEZINCIFICATION 

Parting zinc from alloy 
[PARTING the preferred 
term]. [Other terms this cate- 
gory, such 
dealuminification, demolybdeni- 
zation, etc., should replaced 
the term 


DIFFERENTIAL AERATION 
CELL 


oxygen concentration cell. 


un 


26. ELECTROCHEMICAL 
EQUIVALENT 


The weight element 
group elements oxidized 
reduced 100 percent efficiency 
unit quantity electricity. 


27.** ELECTROLYSIS 


Chemical change electro- 
lyte resulting from impressed 
current. 


28. ELECTROLYTE 
ionic conductor. 


29. ELECTROMOTIVE FORCE 
SERIES 


list elements arranged ac- 
cording their standard elec- 
trode potentials. 


30. EQUILIBRIUM POTENTIAL 


The electrode potential equi- 
librium. 


31. EXFOLIATION 
thick layer-like growth cor- 
rosion product. 


The body-centered cubic crystal 
structure ferrous metals. 


33. FOULING 


The accumulation and growth 
merged metal surface. 


34. GRAPHITIC CORROSION 


Corrosion gray cast iron 
which the metallic constituents 
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36. 
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are converted corrosion prod- 
ucts leaving the graphite intact. 


GRAPHITIZATION 


(1) Decomposition metal 
carbide [matrix]*** metal 
and graphite. 

(2) See GRAPHITIC CORRO- 
SION. 


HYDROGEN EMBRITTLE- 
MENT 


Embrittlement caused hydro- 
gen. 


INHIBITOR 


substance which retards corro- 
sion when added environ- 
ment small concentrations. 


ION 


electrically charged atom 
radical. 


** Definition taken verbatim from Corrosion 
Handbook (H. H. 
Wiley and Sons, New York, 1948. 


Uhlig, editor), John 


*** Portions shown within brackets [ ] are not 


required for the definition and may be de- 
leted; they have been added to make the 
definition more easily understood. 


OPEN CIRCUIT POTENTIAL 


The measured potential cell 
from which current flows 
the external circuit. 


40.** OXIDATION 


Loss electrons con- 
stituent chemical reaction. 


41. OXYGEN CONCENTRATION 
CELL 

galvanic cell resulting pri- 
marily from differences oxygen 
concentration. 

42. PASSIVATOR 
inhibitor which changes the 
potential metal appreciably 
more cathodic noble 

43. PASSIVE-ACTIVE CELL 
cell composed passive and 
active areas. 

REDUCTION 


Gain electrons constituent 
chemical reaction. 


45. 


46. 


47. 


48. 


49. 


50. 
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REVERSIBLE POTENTIAL 


See EQUILIBRIUM POTEN- 
TIAL. 


RUST 


Corrosion product consisting pri- 
marily hydrated iron oxide. 
term properly applied only 
iron and ferrous 


SPALLING 


Spontaneous separation sur- 
face layer from metal. 


STRESS-ACCELERATED 

CORROSION 
Corrosion which 
stress. 


accelerated 


THERMOGALVANIC 
CORROSION 


Corrosion resulting from gal- 
vanic cell caused primarily 
thermal gradient. 


WELD DECAY 
Localized corrosion 
jacent weld. 
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NACE TECHNICAL COMMITTEE REPORT 


Report Thermoplastic 
Coal Tar Base Linings 


Report NACE Unit Committee T-6A Organic Coatings 
And Linings for Resistance Chemical Corrosion, 
Prepared Task Group T-6A-16 Coal Tar Coatings* 


Definitions 
HIS REPORT deals with thermo- 
plastic coal tar base linings and 
does not include any information 
chemically modified, thermosetting coal 
tar compositions. 

Thermoplastic coal tar base linings 
tection the substrate from corrosion 
provided largely coal tar pitch. 
This pitch produced from coal tar, 
recovered the manufacture coke, 
distillation remove enough the 
lower boiling constituents obtain 
residue the desired consistency. Prod- 
ucts for use linings may made 
directly from the pitch produced dis- 
tillation coal tar the pitch may 
further treated some manner im- 
prove its temperature susceptibility. 
most coal tar base linings inert min- 
eral filler used toughen the protec- 
tive film. 

Thermoplastic coal tar base linings 
are available for hot cold application. 
For the former, the material consists 
pitch and filler; melted before use 
and applied the molten form. This 
type of product returns to its original 
form cooling. When the lining 
applied without heating, made 
reducing the pitch the required 
consistency with coal tar distillate 
having the desired boiling range; filler, 
used, incorporated after the pitch 
has been cut back with the solvent. 


Use and Summary Properties 

All thermoplastic coal tar linings are 
black color. They are limited the 
temperature range which they can 
used; general, coal tar linings should 
not used contact with liquids 
temperature excess 120 The 
hot applied linings usually have better 
resistance chemical solutions than the 
cold applied products. Linings made 
from pitch treated improve its tem- 
perature susceptibility usually have 


*C. U. Pittman, Koppers Company, Inc., 
Verona, Pennsylvania, chairman, 


Abstract 


The relative resistances to various chem- 
ical environments are given for thermo- 
plastic coal tar base linings. Media 
which these linings are exposed include 
11 acids, 5 alkalies, 2 oxidizing agents, 
3 fats and oils, 5 gases, 7 solvents, 12 
salts, as well as to sodium hypochlorite 
and to tap, distilled and sea water. Phys- 
ical and chemical properties are listed 
for both hot and cold applied coatings. 

The application of coal tar base lin- 
ings is considered in detail with special 
attention paid to such matters as cover- 
age, surface preparation, priming, and 
application methods. 5.4.3 


poorer resistance solvents and some 
chemical solutions than those made 
from untreated pitch. 

The hot applied linings can used 
only metal surfaces and usually are 
applied over primer composed 
coal tar distillate and coal tar pitch 
base similar characteristics the 
pitch used the lining. The character- 
istics the commonly produced coal 
tar enamels which may used for lin- 
ings have been outlined the report 
Technical Unit Committee T-2G 
“Tentative Recommended Specifications 
and Practices for Coal Tar Coatings for 
Underground which appeared 
Vol. (1956) Jan. Full 
chemical obtained with 
these linings immediately after cooling. 

The cold applied linings can ap- 
plied over concrete, masonry, and brick, 
well metal. Generally primer 
needed. These lining materials vary 
consistency from thin liquids heavy 
pastes. description the types com- 
monly specified will found the 
preliminary report Technical Unit 
Committee T-6B “Protective Coat- 
ings for Atmospheric Use: Their Sur- 
face Preparation and Application Re- 
quirements, Physical Characteristics, and 
Resistances” which appeared Corro- 
ston, Vol. 13, 221t (1957) Mar. 

The cold applied linings require from 
one day several weeks for the sol- 
vent evaporate and the film harden 
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TABLE 1—Physical Properties Coal Tar 
Base Linings 


TYPE LINING 


Property Applied | Applied 
Thermoplastic (TP) or Ther- | 
mosetting (TS)............ TP | TP 
Ww ater Absorption, percent | 

in 6 years at 25C....... 
Ww ater Absorption, percent | 

Moisture Vapor Transmis- 

sion, grains/sq ft/in Hg | 

vapor pressure difference..| ...... 0.045 


Maximum Safe Tempera- 
ture for Exposure— 
Dry conditions | 120-160 F | 160-220 F 
Wet conditions | 100-120 F 120 F 


Coal Tar | Coal Tar 


Die lectric Strength, volts/ 
mil at 60 cycles. aly 


400-600 


TABLE 2—Chemical Properties Coal Tar 
Base 


MEDIA | _TYPE OF LINING 
| Applied | Applied 

Acids: 

Sulfuric, 10%...... neat LR* NR 
Sulfuric, 50%......... ; NR | NR 
Hydrochloric, 10%....... LR NR 
Hydrochloric, 20%..... NR NR 
LR NR 
Phosphoric, 10%........ LR NR 
Phosphoric, 85%....... NR NR 
Fatty Acids. . | NR NR 
Water: | 

R R 

| R R 

Alkalies: 

Sodium Hydroxide, 10%.. R LR 
Sodium Hydroxide, 70%.. NR NR 
Ammonium Hydroxide, 
R LR 
Calcium Hydroxide, | 
Slaked Lime Slurry. ..... R R 
Ammonium Salts...... ; R | R 
Oxidizing Agents: | 
Concentrated Solutions... NR NR 
Dilute Solutions. LR R 

Fats and Oils: 

ses LR LR 
Gases: 
NR NR 
Carbon Dioxide. .... R R 
Sulfur Dioxide......... LR LR 
Hydrogen Sulfide R R 
Solvents: 
Aliphatic Hydrocarbons. . LR | LR 
Aromatic Hydrocarbons. . NR NR 
NR NR 
NR NR 
Chlorina te d Hydrocarbons NR NR 
Salts: 
Sodium Chloride........ R R 
Calcium Chloride....... R R 
Sodium Sulfate... .. R R 
Sodium Bisulfite... R R 
Sodium Carbonate rs R R 
Sodium Nitrate...... R R 
R R 
Sodium Sulfite......... R R 
Sodium Acid Sultate. .. R R 
Zine Chloride... ee R R 
Sodium Metasilicate. . . R R 
Sodium Bichromate. Woks R R 
Miscellaneous: 


Sodium Hypochlorite... .. LR LR 


Recommended; 
NR = Not Recommended; LR = Limited Recom- 
mendations. 


322t 


its ultimate state where full chemical 
resistance obtained. The actual time 
required dependent upon such factors 
coating thickness, temperature, hu- 
midity, and air movement. 


Forms Available 

Hot applied thermoplastic coal tar 
base linings are available range 
physical properties indicated the 
report Technical Unit Committee 
T-2G. However, Type most gen- 
erally used, especially water lines, 
because its better temperature sus- 
The hot applied linings are 

The cold applied thermoplastic lining 
materials range from thin liquids 
heavy pastes; the types commonly spec- 
ified are covered the re- 
port Technical Unit Committee T-6B. 
Dry film thicknesses obtained per coat 
vary from about mils mils with 
the cold applied linings. For contact 
with potable water air condition- 
ing systems, special products should 
specified, which drying impart 
taste odor the water air. 


Effect Compounding 

The coal tar pitch used lining ma- 
terials may used directly may 
further treated some manner such 
digestion with coal and heavy creosote 
oil improve its temperature suscepti- 
bility and reduce its brittleness; con- 
siderable variation properties can 
obtained varying the proportions 
The impact and abrasion resist- 
ance and the resistance cracking 
low temperature can varied some- 
what the type and amount filler 
used. 

Resistances 

Physical properties hot and cold 
applied coal tar base linings are given 
tions are made regarding the use 
these materials various environments. 


Water and Moisture 

Resistance coal tar base linings 
water excellent. Water absorption 
very low; hot applied linings, approxi- 
mately 100 mils thick, absorb practically 
moisture hours and after almost 
six years immersion show absorp- 
tion only 1.7 2.3 gms per 
0.5 0.6 percent weight. The cold 
applied linings when thoroughly dry 
will show slightly higher water ab- 
sorption. 

The moisture 
through thermoplastic coal tar linings 
also very low. With the heavier types 
cold applied linings the permeance 
about mils generally less than 0.045 
perms 0.045 grains per per hour 
per inch mercury vapor pressure dif- 
ference. 

The excellent resistance water and 
the durability thermoplastic coal tar 
base linings are attested the fact that 
they have provided many years 
trouble-free service ships, floating 
drydocks, lockgates, tanks, water lines, 
penstocks, cooling towers, and sewage 
disposal plants. 


Inorganic Acids 

Hot applied thermoplastic coal tar 
base linings show fairly good resistance 
most inorganic acids normal at- 
mospheric temperatures. However, they 
should not recommended for contin- 
uous contact with, strong acids without 
prior testing determine 


ability. Usually the cold applied linings 
are inferior the hot applied type inso- 
far resistance acids concerned. 


Oxidizing Conditions 

Thermoplastic coal tar base linings are 
not recommended for use under strongly 
oxidizing conditions. 


Organic Acids 

Themoplastic coal tar base linings are 
not recommended for use contact 
with strong solutions aliphatic acids 
with fatty acids. 


Alkalies 

Thermoplastic coal tar base linings 
show satisfactory long-term resistance 
alkalies normal atmospheric tem- 
peratures. However, they should not 
recommended for continuous contact 
with high concentrations without prior 
testing determine their suitability. 
Resistance continuous immersion 
alkaline salts good. 


Salt Solutions 

Thermoplastic coal tar base linings 
have shown good long-term resistance 
salt solutions various kinds even 
when the concentrations are high. 


Solvents 


Generally speaking, thermoplastic coal 
tar base linings have limited resistance 
solvents due the gradual extraction 
plasticizing oils. 


Oils 

The resistance Type hot applied 
and medium viscosity, medium duty cold 
applied thermoplastic linings mineral, 
animal, and vegetable oils generally 
satisfactory. The other types hot and 
cold applied linings have poor resistance 
these oils. test should made 
prior use determine the suitability 
the lining selected because the 
possibility imparting color some 


Temperature Limitations 


contact with liquids, thermoplastic 
coal tar linings should not used 
temperature above 120 For atmos- 
pheric corrosion resistance some types 
will withstand much higher tempera- 
tures. 


Although not considered toxic, 
thermoplastic coal tar base coatings are 
not recommended for use contact 
with foods because they may impart 
taste and odor. Some types coal tar 
base linings are used water lines and 
tanks and impart taste odor ex- 
cept prolonged standing with flow. 


Adhesion and Abrasion Resistance 


properly prepared metal surfaces 
the adhesion all types thermoplas- 
tic coal tar linings excellent; they 
have far above average resistance 
undercutting. Cold applied linings also 
have excellent adhesion concrete and 
masonry surfaces. These linings are not 
recommended where high degree 


Hardness 


The hardness the various types 
thermoplastic coal tar base linings varies 
widely normal atmospheric tempera- 
tures; data the actual hardness 
are available the present time. The 
hardness any coal tar base lining will 
vary greatly with temperature. Gener- 
ally, common with all thermoplastic 
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materials, these linings are hard and 
somewhat brittle low temperatures 
and become softer the temperature 
raised. 


Weathering and Aging 

Thermoplastic coal tar base linings usu- 
ally are not recommended for atmos- 
pheric exposure since they tend 
alligator and crack prolonged ex- 
posure direct sunlight although they 
still give protection. atmospheric 
temperatures, the coatings show very 
gradual hardening; contact with water 
solutions this hardening takes place 
very slowly, all. 


Electrical Properties 

Thermoplastic coal tar base linings 
have dielectric strength 400-600 
volts per mil. 


Application 

Hot applied thermoplastic coal tar 
base linings are supplied solid which 
must broken into lumps, melted, and 
applied while molten. The recommended 
procedure for melting will found 
the report Technical Unit Committee 
T-2G “Tentative Recommended Spec- 
ifications and Practices for Coal Tar 
Coatings for Underground Use.” 

Cold applied thermoplastic coal tar 
base linings are supplied different 
consistencies which vary from thin 
liquid heavy paste, depending upon 
the film thickness applied. 
most cases, the solvent should evaporate 
from these coatings before they are 
ready for use. 


Coverage 

Coverage will depend upon the film 
thickness desired. The hot applied ther- 
moplastic linings are usually applied 
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applied thermoplastic products have rec- 
ommended application rates varying 
from 400 per gallon. 


Surface Preparation 

Generally recommended that sur- 
faces which thermoplastic coal tar 
linings are applied should sand 
grit blasted uniform gray sur- 
face. This practice should followed 
especially when hot applied coal tar 
lining used. Because their excellent 
wetting qualities, most cold applied coal 
tar base coatings can applied with 
relatively little surface preparation 
adhesion the only consideration; gen- 
erally, the surface should free dirt, 
grease, and loose rust and mill scale. 
Since the life any coating, especially 
aggressive environment, depend- 
ent primarily upon the surface prepara- 
tion, longer service will result when 
the surface sand grit blasted. 


Priming 

With hot applied thermoplastic coal 
tar lining, priming necessary obtain 
satisfactory adhesion. The primer used 
should that specified the manu- 
facturer for use with the 
applied. The cold applied gen- 
erally require primer. 


Application Methods 

Hot applied tar 
linings are applied the interior 
lengths pipe over the dry primer 
the spinning method using either 
trough retractable weir spread the 
material. the exterior surface 
pipe, this type coating applied over 
the dry primer rolling rig, end feed 
machine, line traveling machine (usu- 
ally with outer wrap coal tar 
saturated asbestos felt and/or Kraft 


paper.) odd shapes flat surfaces, 
the lining applied over the dry primer 
hand-daubing shingle fashion 
using Tampico dauber horizon- 
tal surfaces with glass mop. The primer 
applied spray, brush roller, rug, 
depending upon the type surface 
coated. After application the lin- 
ing, tested for continuity the 
use holiday tester with 10,000- 
15,000 volts across the terminals. All 
voids are cut out and patched with fresh 
material. 

All the cold applied thermoplastic 
coal tar linings can applied brush, 
spray roller. The thin coatings can 
applied with conventional spray 
equipment also dip. The heavier 
coatings can sprayed only using 
heavy duty pump and larger diam- 
eter hose (34-1 inch ID) than employed 
with conventional spray equipment 
carry the material from the container 
the spray gun; these coatings are cus- 
tomarily mixed with mechanical agitator 
ensure uniformity before application. 
larger nozzle (nozzle sometimes 
removed) and tip and higher atomiza- 
tion air pressure (50-90 psi) 
quired than with conventional coatings 
for proper application these products. 
Usually only two three coats are 
applied obtain the desired dry film 
thickness. Drying time between coats 
will vary usually between and 
hours, depending upon the temperature, 
humidity, and air velocity over the 
coated surface. ensure continuity 
the after drying, desirable 
test with holiday detector using 
100 volts per mil across the leads; the 
type holiday detector used will vary 
with the coating thickness. All voids 
should cut out and patched with the 
same material. 
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Figure 1—Stress corrosion cracks in a 9 percent 

nickel steel beam specimen (fiber stress 70,000 psi) 

atter 306 days in tap water saturated with 

hydrogen sulfide. Original magnification, 100X; 

actual magnification after reduction for engraving 
Purposes, 65X, Unetched. 


Figure 2—Cracks in cathodically pickled U-bend 
specimen of 9 percent nickel steel. Photograph is 
taken from Reference 2 (Prange). 


Figure 3—Type of U-bend specimens used by 
Bloom" for stress corrosion cracking tests of 
hardenable stainless steels. 


The Behavior Steels 


Hydrogen Sulfide Environments* 


VOLLMER 


Introduction 

ERRATIC behavior steels 

corrosive hydrogen sulfide environ- 
ments not new problem the oil 
production industry. But despite long 
experience sour heavy crude oil pro- 
duction, the full damaging effects 
hydrogen sulfide were not realized until 
production from deep, high pressure 
sour condensate wells began. 

During the past seven eight years, 
considerable research has been conducted 
and means for avoiding the phenomenon 
that was initially called sulfide corrosion 
cracking. The term crack- 
considered more appropriate 
the author, since stress one the 
major factors which the phenomenon 
depends, and there some question 
the role played corrosion other 
than generation nascent hydrogen. 

stress cracking now voluminous 
that comprehensive review will 
not attempted this paper which 
limited discussion of: (1) the defi- 
sulfide-stress cracking steels; (2) the 
methods currently being used estab- 
lish the steels this 
phenomenon; (3) brief summation 
the significant developments re- 
search the problem; and the 
measures that are currently considered 
indicated these developments, 
for minimizing the possibilities such 
failures the equipment for high pres- 
sure sour condensate wells. 


Definition and Possible Mechanisms 
Sulfide-stress cracking the spon- 
taneous steel subjected 
simultaneously corrosive hydrogen 
sulfide-aqueous medium and static 
stress less than the tensile strength 
the metal. stress may be, and 
usually is, less than the yield strength. 


% Submitted for publication October 15, 1957. 
A paper presented at a meeting of the 
South Central Region, National Association 
of Corrosion Engineers, Oklahoma City, 
Oklahoma, October 1-4, 1957. 


TABLE 1—Sulfide-Stress Cracking Data AP! Grade N-80 Tubing Steels 


| | 


| Average 
| Yield Tensile Hardness | Prestress | Stress Failure | Number of 
Specimen | Strength Strength | R. psi | psi Days Cleanings 
Steel A 94,200 139,900 30.0 | 139,900 600 |0—16 hours! 0 
94,200 28.0 117,000 73,600 hours 
94,200 139,300 30.0 } 139,300 64,400 2—3 | 1 
94,200 28.0 | 118,800 64,400 6848 | 80 
Steel B? 98,700 135,500 28.0 135,300 | 78,400 | 76 11 
98,700 28.0 116,800 5923 | 80 
99,600 135,300 28.0 135,300 | 68,600 5923 | 80 


' Composition: C— 0.41 percent, Mn--1.83 percent, 


Mo—0.22 percent 


* Composition: C—0.40 percent, Mn—-1.65 percent, Mo-—0.14 percent 


> Removed from test 
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Abstract 


Spontaneous cracking of steels in deep 
high-pressure condensate wells producing 
gas containing hydrogen sulfide has been 
a subject for considerable investigation 
during the past seven or eight years. 
This paper presents: (1) a_ definition 
and possible mechanisms for sulfide-stress 
cracking of steels, (2) the methods cur- 
rently being used to establish the sus- 
ceptibility of steels to this phenomenon, 
(3) a brief summation of the significant 
developments from research on the prob- 
lem, and (4) the measures that are cur- 
rently indicated to minimize the possibili- 
ties such failures steel equipment. 

The term “sulfide-stress cracking” is 
preferred to the commonly used ‘‘sulfide 
corrosion cracking” since the phenome- 
non is stress dependent. 

The susceptibility of most construc- 
tural steels to sulfide-stress cracking can 
be minimized, if not eliminated, by ap- 
propriate heat treatment which must in- 
clude tempering at a_ temperature not 
less than 1150 F and by limiting the 
maximum mechanical properties to pre- 
determined levels. When the use of high 
strength metals is unavoidable, certain 
nonferrous alloys, which thus far have 
indicated a high degree of insensitivity 
to the phenomenon, are suggested. 


The primary fracture brittle 
ture. When complete break occurs 
tube, for example, the entire fracture 
may brittle, part may show 
definite plastic deformation; 
cates that either the steel reacted vari- 
ably the environment (suggesting 
inhomogeneity the metal) other 
conditions necessary contributing 
sulfide-stress cracking were 
form. 

The mechanism 
cracking still controversy. Initially 
was thought some, including the 
author, that true stress corrosion crack- 
ing for the pheno- 
but was conceded early the 
investigation the first well equipment 
that hydrogen embrittlement 
the steel might important con- 
tributory factor. 

There increasing evidence that nas- 
cent hydrogen absorbed steel under 
stress may the major, not the sole, 
factor responsible for the failure process 
when occurs very short periods 
time. true that corrosion the 
metal aqueous hydrogen sulfide 
the source the nascent hydrogen ab- 
sorbed the steel. also fact, 
however, that steel can made fail 
identical manner without any ap- 
parent corrosion when the steel, sub- 
jected sufficient stress the elastic 
range, charged with 
cathodic course corrosion 
can contribute the failure process 
developing sites (pits) for concentration 
stresses that fracturing may occur 
under circumstances where the failure 
would not have steel 
charged with hydrogen the corrosion 
had not taken place. However 
case the influence corrosion ac- 
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tually physical rather than chemical 
nature. 

True stress corrosion cracking 
steel aqueous hydrogen sulfide en- 
vironment does seem possible shown 
Figure However the time failure 
this process generally extended 
and usually there are multiple cracks, 
contrast with the single crack that 
characteristic sulfide-stress crack- 
ing. Possibly cracking steel sulfide 
environments not single mechanism 
for failure but may (1) true stress 
corrosion cracking, (2) the effects 
nascent hydrogen absorbed steel un- 


The degree which the two basic 
processes influence failure and the time 
failure are considered governed 
the rate hydrogen absorption 
the steel and the total tensile stress 
the steel. When time failure very 
short—a matter hours few days 
—it believed that the failure in- 
duced the effects absorbed hydro- 
gen and stress. the time failure 
long—months years—the failure 
process may true stress corrosion 
cracking. Combinations the two proc- 
esses would induce failures 
mediate time intervals depending 
which process was dominant. 


Most the equipment failures that 
have been experienced sour conden- 
sate well service have occurred very 
short periods time, which, 
basis the foregoing, would indicate 
that they were the result absorbed 
hydrogen and stress. The manner 
which hydrogen absorbed steel un- 
der stress decreases the load carrying 
capacity steel yet has not been 
explained. Although many theories have 
been none has been proved. 
When steel fractures brittle man- 
ner, consequence hydrogen ab- 
sorption, stresses well 
yield strength, might reasoned that 
either the tensile properties the steel 
are depreciated the absorbed hydro- 
gen, some manner the absorbed 
hydrogen becomes source addition- 
internal stress which added the 
strength the steel. 

has shown that hydro- 
gen flow through annealed 0.13 car- 
bon steel cylinder subjected axial 
tensile stress the elastic range in- 
creased almost proportionately the 


stress (0.25 percent for each 1500 psi), 
consequence increased solubility 
hydrogen the lattice. speci- 
mens were subjected plastic deforma- 
tion (1.0 7.2 percent elongation), the 
flow hydrogen through the cold 
worked steel under stress increased con- 
siderably more than would expected 
the case homogeneous lattice dif- 
fusion. 


postulated that plastic 
deformation creates zones the metal 
which the external (applied) stress 
multiplied. These zones may com- 
paratively narrow with high stress 
concentration factor. these zones the 
activity coefficient the hydrogen 
would decreased, which, especially 
the presence high external stresses, 
would result inhomogeneous distribu- 
tion flow through the specimen. Hy- 
drogen would pass more readily 
through the highly stressed zones. 
assumed that such zones are located 
along slip planes other deformation 
planes, the could ex- 
plained this hypothesis. This theory 
where, under the combined applied and 
internal stresses, distortion imper- 
fections (dislocations) the crystal lat- 
tice becomes sufficiently great permit 
association the absorbed atomic hy- 
drogen molecular hydrogen. Accumu- 
lation molecular hydrogen these 
submicroscopic sites might then the 
source internal stress which, com- 
bination with the applied initially 
present internal stresses, sufficient 
cause brittle fracture the normal ten- 
sile strength the steel. 

The four major factors which the 
sulfide-stress cracking process depends 
are: (1) absorption sufficient quan- 
tity nascent hydrogen, (2) 
tensile stress sufficient critical 
magnitude, (3) susceptible metallurgi- 
cal condition the steel, and (4) time. 
other words, critical combination 
these four factors required for sul- 
fide-stress cracking steel. any 
these factors absent, insuffi- 
cient magnitude, failure will not occur. 

These major factors are also interde- 
pendent. For instance, the total stress 
very high, the quantity absorbed 
hydrogen required for failure less 
than the case where the stress rel- 
atively low but above critical 
level. the metallurgical condition 
the steel such that the steel highly 
susceptible the phenomenon, both the 
quantity absorbed hydrogen and the 
applied stress that will induce cracking 
are lower than when the steel has low 
susceptibility. Time for failure occur 
governed the combined effect and 
magnitude the other three factors. 
addition these four major factors, 
there are contributory influences such 
plastic deformation the 
metal, corrosion products, and tempera- 
ture. 


Methods Testing 

considered that the sulfide-stress 
cracking problem special case the 
hydrogen-in-steel problem the extent 
that the nascent hydrogen available 
for absorption the steel limited 
the reaction between the hydrogen 
sulfide corrodent and the metal. This 
should emphasized because has 
important bearing the meth- 
ods that may utilized for determin- 
ing the susceptibility steels the 
sulfide-stress cracking 
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Loading Screw Glass Bead 


x > 3" Speci 
pecimen 


Glass Tubing 


Figure 4—Laboratory test holder used by Fraser 
and Treseder’ for evaluation of resistance of steels 
to sulfide-stress cracking. Top photograph is phan- 
tom view of assembled holder and specimen. Bottom 
photograph shows view of holder from bottom. 


Figure 5—Methed of applying bending load to 

beam specimen for sulfide-stress cracking tests. 

Photographs are from reference 2 (Vollmer, Bowers, 
McGuire, Wiehe.) 


countered sour condensate production 
and associated operations. should 
emphasized also that the total stresses 
which the steel subjected must 
considered. This has been complicat- 
ing matter reliably evaluating steels 
for sulfide service. 

Stress that applied steel sec- 
tion can established with accuracy, 
but the magnitude the residual 
internal tensile stress present steel 
virtually indeterminate. Nevertheless 
useful evaluation steels for sulfide 
service still possible, provided the 
procedures not involve abnormal al- 
terations the metal tested and 
large deviations from corrosive condi- 
tions encountered service. The sev- 
eral evaluation methods currently em- 
ployed are basically the same that the 
specimen metal under test 
jected simultaneously static stress 
and aqueous hydrogen sulfide corro- 
dent. 


U-Bends 

One method makes use U-bends, 
two types which are shown Fig- 
ures and and Bloom’). The 
specimens are usually preformed before 
heat treatment and then subjected 
stress pulling together the legs 
the with nut and bolt, clamp. 
this type specimen the magnitude 
applied stress not always known and 
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Figure 6—Experimental set-up for sulfide-stress 
cracking cathodic embrittlement tests steel 
under tension. 


Figure 7—Crack martensitic structure test 
beam of API N-80 tubing steel with high manga- 
nese content and Rockwell C 28 hardness, Original 


magnification, 1000X; actual magnification after 
reduction for engraving purposes, 660X. Etchant: 
nital plus picral. 


sometimes the specimen stressed be- 
yond the yield strength the steel. Also 
any damage the steel 
quence the extensive plastic defor- 
mation involved forming the U-bend 
not subsequently heat treated remains 
unknown and undoubtedly important 
factor. Although quantitative data can 
obtained with this type specimen, 
the test are difficult con- 
trol and the effects plastic deforma- 
tion the metal cannot established 
with any degree precision. 


Small Beams 


method testing makes 
use small beams loaded 
determined amount bending ap- 
propriate fixture. Examples these are 
shown Figures and This technique 
considered basically sound, provided 
that the maximum fiber stress developed 
the beam specimen less than the 
vield strength the steel. the beam 
specimen should plastically deform under 
the test load, the applied stress decreases 
value difficult establish and new 
factor, plastic deformation inde- 
terminate amount, has been introduced. 

One major disadvantage the beam 
method testing the large stress 
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gradient across the section. Only the 
fibers one surface the beam are 
subjected the maximum tensile stress 
intended, and since sulfide-stress crack- 
ing vitally dependent upon stress, 
this method may not discriminat- 
ing desired, particularly for steels 
that have relatively low susceptibility 
sulfide-stress cracking. 

The steels for oil field equipment, 
particularly tubular products, are very 
frequently plastically deformed during 
fabrication; also plastic deformation oc- 
curs service for many well known 
reasons such bending pipe and tong- 
ing joints. Since plastic deformation in- 
fluences the response many steels 
sulfide-stress cracking, known amounts 
plastic deformation should devel- 
oped test specimens. 
method accomplishing this sub- 
ject blank for the test specimen 
known amounts stress the plastic 
range the ultimate strength the 
steel under test. The blank then ma- 
chined desired final dimensions. 


Special Equipment 

third method requires small tensile 
specimens which are subjected ten- 
sile loads appropriate equipment that 
provides for exposure the test section 
the specimen the corrodent. Figure 
shows tensile machine being used 
apply the load, but any desired 
means may employed such 
type specimens appropriate frame 
(utilizing nuts and extensiometer for 
application and control the 
dead weight loading device 
such used for creep This 
type testing recommended because 
permits uniform loading 
across the section the test specimen, 
and avoids the complex stress patterns 
inherent the previous two methods. 

The corrodent used for the evaluation 
steels should closely approximate the 
corrosive conditions encountered 
service. Since sulfide-stress cracking oc- 
curs very rapidly general rule, 
unnecessary and unwise accelerate 
testing artificially increasing the cor- 
rosivity the environment. 

Cathodic charging hydrogen into 
steel under stress presents interesting 
possibilities means for evaluating 
the susceptibility steels 
stress cracking. But here again, the con- 
ditions under which the steel cathodi- 
cally charged with hydrogen should 
electrochemically equivalent those 
existing hydrogen sulfide systems en- 
that the initial corrosion rate steel 
fide system 175 mdd (32 mils/year), 
the equivalent current density would 
0.45 ma/sq inch. When current densi- 
ties greatly excess this are used, 
abnormally large quantities hydrogen 
are absorbed the steel, and the reac- 
tion the steel may not all rep- 
resentative the reaction the sulfide 
environments involved sour conden- 
sate well service. The electrolyte com- 
monly used for cathodic charging work 
dilute sulfuric acid percent) 
which added small amount 
“poison” (arsenic trioxide carbon 
disulfide) promote hydrogen absorp- 
tion does hydrogen sulfide 
tion, 


Summary Significant Developments 

Early the research work the 
sulfide-stress cracking problem 
came evident that steels having hard- 
ness Rockwell less are vir- 
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tually immune the phenomenon, 
provided they had not been drastically 
cold When the hardness ex- 
ceeds about Rockwell 30, all ferritic 
steels tested thus far show high de- 
gree susceptibility cracking re- 
gardless the amount prior plastic 
deformation. However plastic deforma- 
tion will markedly increase the suscep- 
tibility such steels. the hardness 
range Rockwell 20-30, the susceptibil- 
ity steels sulfide-stress cracking 
may highly variable. This 
expected since hardness rather 
crude parameter the mechanical and 
metallurgical properties steel. 

Steels having different mixed me- 
tallographic structures may have either 
approximately the same decidedly 
different tensile properties. Much the 
experimental work accomplished thus 
far has been directed toward determin- 
ing, one more the testing tech- 
niques previously discussed, those me- 
tallurgical conditions steels the 
hardness range Rockwell 20-30, and 
the limits applied tensile stresses that 
would minimize avoid failure sul- 
fide-stress cracking. The following are 
the most significant observations indi- 
cated this work and some the 
evidence support them: 


Susceptibility Cracking 

(a) Virtually all ferritic steels can 
made susceptible sulfide-stress crack- 
ing. Sensitivity steel ascribable 
least substantial part the metallur- 
gical constituent martensite and some 
the structures obtained tempering 
martensite. Figure shows 
cracking partly martensitic struc- 
ture found the steel commonly used 
for API Grade N-80 pipe (0.41 carbon, 
1.83 manganese, 0.22 molybdenum); the 
hardness was Rockwell 28. beam 
specimen this steel failed less than 
stress when immersed water 
saturated with hydrogen sulfide. con- 
trast, another beam the same type 
steel which was also Rockwell but 
did not contain martensite, did not fail 
fiber stress 78,400 psi after 592 
days the same corrodent. 


Critical Stress 

(b) Apparently there critical stress 
and above which sensitive steel will 
fail sulfide corrodent. will 
noted Table that the sensitive N-80 
tubing Steel fractured less than 
hours 73,600 psi when prestressed 
117,000 psi, but did not fail 684 days 
64,400 psi after prestressing 118,- 
800 psi. The less sensitive Steel with- 
stood 78,400 psi applied stress under the 
same test conditions, indicating criti- 
cal stress least 5000 psi higher than 
that Steel 


Plastic Deformation 

(c) Plastic deformation (as cold 
straightening tubing) will increase the 
sensitivity susceptible steel and 
lower the critical stress level. Prestress- 
ing 139,900 psi caused sensitive N-80 
Steel (Table fail 2-3 days 
64,400 psi applied stress, but 118,800 
psi prestressing failure did not occur 
684 days the same 
steel may sensitized 
severe cold work indicated the 
data for Steel Table prestressed 
135,300 psi. This steel failed 
days under applied stress 78,400 psi; 
when the prestress was reduced 
116,800 psi, Steel did not fail 78,400 
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psi applied stress even after 592 days 
exposure the corrodent. should 
noted that corrosion products were re- 
moved (mechanically) regular inter- 
vals; this necessary because the cor- 
rosion products may protect the steel 
thereby masking susceptibility. 


Chemical Composition Steel 

(d) The chemical composition steel 
appears influence sensitivity sul- 
fide-stress cracking only insofar com- 
position determines the hardenability 
steel. Plain carbon steels are low 
hardenability and therefore not 
readily develop metallurgical structures 
that are susceptible the cracking 
phenomenon. the hardenability 
steel increased alloy additions 
provide higher mechanical properties, 
unfavorable structures will more readily 
develop and more complete thermal pro- 
cessing necessary avoid suscepti- 
bility. 


Total Stress 

(e) Since sulfide-stress cracking 
stress dependent phenomenon, the 
stress which the steel subjected 
must considered. This includes the 
applied tensile stress and the residual 
tensile stresses resulting from phase 
transformation during the 
ment, thermal effects, and cold defor- 
mation during fabrication and service. 


Hydrogen Charging 

(f) previously stated, steel can 
made crack without any apparent 
corrosion when the steel under sufficient 
stress within the elastic range charged 
with hydrogen cathodic means. The 
response steels these conditions 
appears exactly the same that 
developed aqueous hydrogen 

Further evidence “critical stress” 
shown the data Table Small 
diameter tensile specimens API N-80 
type steel, properties which are given 
Table were tested the equip- 
ment shown Figure The current 
density was greatly excess that 
previously indicated 
severely corrosive hydrogen sulfide 
environment but was used the course 
developing susceptibility evaluation 
test method. 


TABLE Applied Tensile Stress 
Cathodic Embrittlement N-80 
Tubing Steel 


Percent of Time to 

Tensile Yield Failure 
tress (psi) Strength (minutes) 


5,340 minutes 


THE BEHAVIOR STEELS HYDROGEN SULFIDE ENVIRON MENTS 


Spontaneous cracking occurred be- 
tween and hours when the applied 
stress was 81,200 psi; 71,100 psi ap- 
plied stress the time failure increased 
approximately hours minimum and 
hours maximum. further reduction 
applied stress 60,900 psi appears 
have avoided spontaneous cracking 
since failure did not develop approxi- 
mately which time the ex- 
periment was terminated. 

contrast with this, the much 
greater susceptibility precipitation 
hardening stainless steel (properties 
which are given 3), shown 
the data Table Spontaneous 
fracturing occurred this steel 0.5 
minute 136,000 psi applied stress and 
even 42,000 psi failure developed 
141 minutes. Cracks developed through- 
out the entire test section the speci- 
men this steel shown Figure 
The fracture face, Figure exhibited 
so-called “fish eyes” which indicate that 
the failure probably originated intern- 
ally rather than the surface the 
specimen. 


The same relative difference the 
susceptibility the N-80 tubing steel 
and the precipitation hardening stainless 
steel was indicated beam tests. 
applied fiber stresses equivalent 
percent the yield strengths, the hard- 
ened 322 stainless steel fractured within 
hours; the N-80 steel beam specimen 
did not fail 1176 days aqueous hy- 
drogen sulfide. This particularly note- 
worthy since supports the contention 
that cathodic charging steel with hy- 
drogen excessive current densities 
can give misleading results, least 
from practical engineering standpoint. 


The critical stress concept suggests 
that when steel under tension charged 
with hydrogen, there may applied 
tensile stress level which the original 
load carrying capacity the steel may 
undergo marked reduction before ac- 
tual fracturing the steel occurs. The 
data Table seem indicate that 
there may some basis for this con- 
cept. The API N-80 tubing steel (Table 
3), which had original ultimate 
strength 124,900 psi, showed only 
slight, any, reduction strength 
when charged with hydrogen for 420 


TABLE 4—Effect Applied Tensile Stress 
Cathodic Embrittlement Stainless 


Steel 322 

Percent Time 

‘— Tensile of Yield | Failure 

tress (psi) Strength |(minutes) 


Specimen—0.125 inch diameter; Current Density— 
80 ma/sq inch; Electrolyte: 5% HeSOs with 25 mg/ 
liter As2O3 


TABLE 3—Properties Steels Used 
Cathodic Embrittlement Tests 


Tensile Yield Hard- 
Strength| Strength| ness 
Steel Type (psi) (psi) (Re) 


API Grade N-80 
0.47 C, 1.59 Mn, 


322 Stainless Steel 
7.0 Ni, 0.70 Ti, 
223,000 170,000 | 44—46 


Test Section—0.125 inch diameter 0.625 
inch, 


Specimen—0.125 inch diameter; Current Density— 
80 ma/sq inch; Electrolyte: 5 percent H2SO« with 
25 mg/liter As2O3 


TABLE 5—Effect Applied Stress and Con- 
stant Charging Time Ultimate 
Strength N-80 Tubing Steel 


Ht Ultimate 
Charging Strength 
Applied Stress (psi) | Time (min) (psi) 


Figure 8—Cracks in gage length of Type 322 stain- 

less steel cathodic embrittlement specimen which 

failed after 4.5 minutes stress 136,000 psi 
(80 percent of yield strength). 


Figure 9—Fracture face of Type 322 steel cathodic 

embrittlement specimen which failed after 4.5 

minutes at stress of 136,000 psi (80 percent of yield 
strength.) 


TABLE 6—Effect Aging Recovery 
Ultimate Strength N-80 Tubing Steel 
Cathodically Embrittled Under Stress 


Applied Charging 


Breaking 

Stress Time Aging Stress 
(psi) (min) Treatment (psi) 

0 420 None 121,000 

0 420 16 hr—R.T. +} 124,000 

4 hr—350 F 

71,100 420 None | 94,500 


4 hr—350 F 


Specimen—0.125 inch diameter; Current Density— 
80 ma/sq inch; Electrolyte: 5 percent. H2SO« with 
mg/liter 


Specimen—0.125 inch diameter; Current Density— 
80 ma/sq inch; Electrolyte: 5 percent H2SO« with 
25 mg/liter As2O3 
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TABLE Chemical and Mechanical Properties Six Heats Inch API 


N-80 Tubing* 


Carbon.... 0.41—0.44 
Manganese. . 1.46—1.60 
Silicon..... 0.20—0.24 
Molybdenu m. 0.19—0.23 


Tensile strength (psi) . 107 ,500—118,300 
Yield strength (psi). . 82,100—89,900 
Elongation (% in 2 in. ). Seas 19—27 
Hardness—Re...... 18—21 


1175 5 F. 


* 550 F; 


minutes without any applied stress. 
applied stress 60,900 psi the break- 
ing strength dropped 96,800 psi. Pre- 
viously was shown that the steel did 
not fail the same applied stress when 
hydrogen for approxi- 
mately 5400 minutes. When the applied 
stress was increased 71,100 psi the 
same charging time reduced the break- 
ing strength 94,500 psi. 

Specimens the were 
then charged with hydrogen for the 
same time with and without applied 
stress, after which they were aged for 
hours room temperature, followed 
whether the steel would recover its 
original tensile properties. The data 
Table indicate that the absence 
applied stress, hydrogen absorption had 
little effect the breaking stress, 
and after aging the ultimate strength 
was essentially the same the original 


strength. When the steel was stressed 
71,100 psi followed the aging 
treatment, only approximately 


cent the decrease ultimate strength 
was recovered indicating that some per- 
manent damage had occurred. This 
seems support the 
hydrogen trapped the molecular 
state sites the lattice distorted 
the applied stress, thereby inducing ad- 
ditional internal stress which reduces 
the amount applied stress necessary 
for tensile failure. 


Means for Minimizing Sulfide-Stress 
Cracking Failures 

consideration all the informa- 
tion currently available sulfide-stress 
cracking leads the opinion that the 
following measures are indicated for 
preventing, least minimizing equip- 
ment failures wells producing sour 
condensate fluids. 

(a) Since martensite and some the 
obtained 
tempering martensite are importantly 
involved the sulfide-stress cracking 
process, obviously essential that 
such structures avoided appro- 
priate heat treatment. The metallo- 
graphic structure and mechanical prop- 
erties steels for sulfide service must 
limited. The steel commonly used for 
tubing and casing has 
analysis that will permit the develop- 
ment the required mechanical prop- 
erties the simple normalizing heat 
treatment. However the range chem- 
istry such that structures 
can develop the steel heat treated. 
Even though the analysis the steel 
was adjusted that 
should not develop 
may locally increase the hardenability 
the steel that sensitive structures 
will develop. This cir- 
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cumstance can avoided normaliz- 
ing the steel usual followed tem- 
pering temperature not less than 
1150 

means for providing adequate 
margin safety, the yield strength 
N-80 tubing and casing should 
limited 90,000 psi maximum. The 
range properties for API N-80 tub- 
ing that was produced under these re- 
quirements from heats steel are 
given Table Test lengths repre- 
senting the beginning, middle, and end 
the continuous tempering heat treat- 
ment four heats were used for lab- 
oratory susceptibility tests. failures 
have been experienced any the 
beam specimens these steels, pre- 
stressed the ultimate strength and 
subsequently loaded the maximum 
fiber stress equivalent percent 
the yield strength followed exposure 
aqueous hydrogen sulfide for 200- 
500 days. Although the service experi- 
ence with this tubing has been rather 
short, failures have occurred. more 
information the general subject 
developed, probable that the limit 
maximum yield strength can 
raised. steels having analysis other 
than that commonly used for N-80 
tubular products are contemplated, they 
should evaluated thorough lab- 
oratory tests establish the heat treat- 
ment necessary impart maximum re- 
sistance the cracking phenomenon. 


(b) Every reasonable effort should 
made minimize stresses all equip- 
ment and especially tubing and cas- 
ing. integral joint the shouldering 
type for tubing considered preferable 
regular API coupled joints because 
the hoop stresses such joints are sub- 
stantially less. 

(c) the producing formation 
acidized, internal plastic coating 
the tubing considered advisable. 
The hydrochloric acid used for acidiza- 
tion frequently contains 
inhibitor which not completely effec- 
tive, and possible that steel which 
may still retain some susceptibility 
the cracking phenomenon may dam- 
aged conditioned for rapid failure 
when production resumed. 
moval protective sulfide films from 
the steel surface the acid will expose 
bright metal the full damaging ef- 
fects the sour well fluids. 

(d) Since fully heat treated N-80 cas- 
ing not yet available, advisable 
use packers exclude sour fluids 
from the annulus between 
and the oil string casing; the tensile 
stresses the upper joints the tubing 
string should minimized setting 
down the packers much the 
weight the tubing string prac- 
ticable. 

(e) Deep tong marks tubing and 
casing should avoided since the dras- 
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tic cold deformation may induce sus- 
ceptibility the cracking phenomenon 
steel that otherwise would exhibit 
little sensitivity. 

Welded connections regardless 
the type steel involved should 
avoided much possible because 
voids the welds will function traps 
into which hydrogen absorbed the 
steel will diffuse, associate molecular 
hydrogen, and accumulate produce 
high stresses that may cause failure. 
When welding cannot avoided, every 
precaution should taken prevent 
rapid cooling quenching action that 
will develop sensitive structures steel, 
and all welds should heat treated 
reduce internal stresses low order 
magnitude. 

When high strength materials are 
required for equipment such 
sure controls, nonferrous alloys such 
Monel, Inconel, and the Hastelloys 
are advisable. Alloys this type thus 
far have indicated high degree in- 
sensitivity sulfide-stress cracking. 
the use high strength steels that are 
certain sensitive the cracking 
phenomenon cannot avoided, non- 
porous nickel plating the ductile type 
effective long the plating re- 
intact. 

Although the sulfide-stress cracking 
problem far from being fully resolved, 
believed that judicious application 
the present knowledge will greatly 
reduce the hazard and incidence 
equipment failures the handling 
sour condensate fluids. 
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Surface Area Relationships 
Polarization and Corrosion* 


Introduction 
LECTROCHEMICAL measure- 


ments often are conducted 
surfaces which are not homogeneous 
nature. Thus, possible have 
electrochemical oxidation reduction 
proceed surface which contains 
regions with different activation over- 
voltage parameters for the same reac- 
tion. 

example such situation would 
study hydrogen evolution ki- 
netics surface containing re- 
gions which are amalgamated. Actually, 
one usually works with such non-homo- 
geneous surfaces whether not this 
his intent. This true because even 
the purest metals show different over- 
voltage behavior for different crystal- 
lographic planes. Also, grain boundaries 
metals would not expected be- 
have the same grain centers. 


Perhaps the most serious cause in- 
homogeneity results from deposition 
traces contaminants from the solu- 
tion onto the surface. important 
understand the effect measured 
overvoltage parameters measurements 
with such surfaces. One the purposes 
this work describe the behavior 
such systems quantitative man- 
ner. 

When one considers corroding metal 
containing regions which function pre- 
dominantly for reduction 
oxidation, then the fraction the sur- 
face which anode cathode plays 
important role determining its 
electrochemical behavior. particular, 
the corrosion potential 
rate are markedly influenced the area 
ratio. Quantitative relationships can 
derived which describe the change 
corrosion potential corrosion rate 
function area fraction for systems 
which are activation controlled. These 
equations and their significance are dis- 
cussed below. 


Surfaces with Regions Exhibiting 
Different Overvoltage Behavior for the 
Same Reaction 

The basis for description such sys- 
tems dependent upon the assumption 
that the total current one measures 
polarizing surface given fixed po- 
tential the sum the individual cur- 
rents which flow the separate regions 
which comprise the surface. For cathodic 
polarization, this nothing more than 
considering that the total rate re- 
duction equal the sum the in- 
dividual rates reduction all the re- 
gions the surface constant poten- 
tial. 

order prove this experimentally, 
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necessary study composite sur- 
face with known area relationships and 
known overvoltage parameters. Such 
system not easily designed. However, 
some previous work’, was noticed 
that both titanium and Type 316 stain- 
less steel nitrate inhibited solutions 
ferric and ferrous chloride exhibited 
potentials which were very close the 
reversible ferric-ferrous potential the 
solution. addition, the exchange cur- 
rent density titanium surface was 
considerably less than that which exists 
Stainless steel surface. Thus, com- 
posite electrodes these two materials 
provide ideal system test the 
above assumption, since they both 
exhibit essentially the same potential be- 
fore coupling and local galvanic effects 
need not considered. Thus, ex- 
periment was designed where various 
area ratios titanium and Type 316 
stainless steel could coupled together 
determine the effect the area frac- 
tion cathodic polarization. The reac- 
tion which occurs both surfaces 
reduction ferric ions produce fer- 
rous ions, 


Procedure 


The procedure and equipment were 
essentially the same that reported 
previously’ except that the cell consisted 
seven-liter cylindrical battery jar 
covered Plexiglas gasketed plate 
through which the electrodes were im- 
mersed the solution. Platinized plati- 
num was used reference electrode 
and auxiliary anodes during polariza- 
tion. The solution, which was nitrogen- 


Abstract 


The polarization behavior surfaces con- 
taining regions which exhibit different 
overvoltage parameters for the same re- 
action are described. Also, the effect 
cathode area fraction on corrosion po- 
tential and corrosion rate is considered 
for a corroding surface controlled by 
activation polarization. It is shown that 
the corrosion potential and corrosion rate 
are most sensitive to area changes when 
the surface largely cathode anode. 
The corrosion current reaches a maxi- 
mum when the surface is equally divided 
into anodic and cathodic regions. 3.6.8 


saturated all times, was prepared 
adding 100 grams and 
grams sodium nitrate 1000 
grams water. Sufficient ferrous 
chloride was added bring the ferrous- 
ferric redox potential 0.789 volt 
the standard hydrogen scale. 

Six electrodes (three titanium and 
three stainless steel) various sizes 
were introduced into the solution, and 
the cell was operated for period 
two months during which the reported 
polarization measurements were ob- 
tained. The temperature during this 
interval varied from maximum 
ferrous-ferric redox potential the so- 
lution varied from 0.790 


volt. 


Results 

For purposes simplification, each 
electrode designated its composi- 
tion and approximate area. Thus, 
316(0.9) refers the stainless steel elec- 
trode with area 0.88 and 
Ti(5) the titanium electrode with 
area 4.46 (see Table 1). 


Figure shows the cathodic polariza- 
tion curves obtained for the six indi- 
vidual electrodes plotted current 
basis. The exchange current and Tafel 
beta values for these data are presented 
Table When plotted current 
density basis, the three stainless steel 
samples fall approximately one line 


OVERVOLTAGE (MILLIVOLTS) 


APPLIED CATHODIC CURRENT (MICROAMPERES) 


Figure 1—Cathodic polarization of individual elec- 
trodes plotted current basis. 
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Figure 2—Cathodic polarization bi-electrodes 
formed by coupling a 50 sq. cm. titanium sample to 
Stainless steel. 
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formed by coupling a 10 sq. cm. titanium sample to 


stainless steel. 
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Figure 5—Example the influence contamination high overvoltage 
surface with a small region of low overvoltage. 
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Figure 6—Example of the influence of contamination of a low overvoltage 
surface with a region of high overvoltage. 


samples. The titanium elec- 
trode exhibits lower exchange current 
density and Tafel slope, but this was 
not considered serious for the present 
purpose. 

Table shows the exact areas and ex- 
change current densities for the various 
electrodes along with the potential 
each electrode without current applica- 
tion. two separate runs, the 
electrode was coupled the 316(2) 
electrode and couple 316(2) and 
316(5) and the polarization curves ob- 
tained. Figure shows the results ob- 
tained. The three dashed lines are re- 
produced from Figure and represent 
the polarization curves the individual 
electrodes. The heavier solid line the 
sum the pertinent individual curves 
and not necessarily intended lie 
along the experimental points. can 
seen, however, that there good 
agreement between the algebraic sum 


the individual currents and experi- 
inental points for the couples. 

Similar experiments were conducted 
coupling the Ti(5) Ti(10) 
samples the 316 electrodes. The re- 
sults are shown Figures and The 
individual curves are not included 
Figure since this tends crowd the 
plot. should emphasized again that 
the solid lines represent the algebraic 
sum the individual curves and are not 
intentionally drawn through the experi- 
mental points. general, the agreement 
quite good and deviations probably can 
attributed changes the charac- 
teristics the individual surfaces during 
the two-month duration the experi- 
ment. 

Discussion 


The above results show that meas- 
ured polarization curve surface 
with regions different overvoltage be- 
havior the sum the individual 
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Figure 4—Cathodic polarization of bi-electrodes 
formed coupling sq. titanium sample 
stainless steel. 


LOG CURRENT 


Figure 7—The effect changes anode and cathode area fraction 
corroding surface on the position of the local polarization curves. 


polarization curves when plotted 
current basis. very important 
note that incorrect sum the data 
current density basis. Thus, while 
true that 


(1) 


the sum the individual current den- 
sities does not equal the total couple 
current density. 


Ai + Az Ai Az (2) 


where the total current and and 
are the individual currents. most 
cases the individual area relationships 
electrode are unknown. Therefore, 
even though the surface contains regions 
with different overvoltage parameters, 
only possible divide the total cur- 
rent the total area. important 
realize, however, that 


A; + A> + A; (3) 
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which can rearranged give 


where the lower case represents cur- 
rent density and and are the frac- 
tions the occupied regions 
and respectively. 


Equation has practical significance 
which can best described the fol- 
lowing manner. Consider surface with 
one region quite high overvoltage* 
(region and another low overvolt- 
age (region 2). the same potential, 
that the measured current density the 
entire surface essentially proportional 
This means that measurements 
Tafel parameters high overvoltage 
surfaces will markedly influenced 
small amounts low overvoltage con- 
tamination. the other hand, low over- 
voltage surfaces are not significantly af- 
fected small amounts contamina- 
tion with high overvoltage impurities. 
This can illustrated graphically 
considering surface with regions hav- 
ing exchange current densities 0.025 
(region and 0.50 microampere/sq 
(region 2). The Tafel beta values may 
considered equal 0.1 


situation where the total surface 
dashed lines represent the true poten- 
tial-current density relationship for 
regions and The light 
weight solid lines represent the poten- 
tial-current relationships for sqcm 
region and the composite surface 
cm. The heavy line the re- 
sulting potential-current density curve 
which would obtained experimentally 
one were actually working with sur- 
face which was covered with approxi- 
mately percent surface The 
measured exchange current density 
would 0.034 microampere/sq 
opposed the real value 0.025—an 
increase approximately percent. 


illustrate the smaller influence 
face with high overvoltage impurities, 
consider total area sqcm con- 
region Figure shows the 
pertinent individual polarization curves 
similar manner that illustrated 
the previous figure. this case 


*In this discussion, a region of high over- 
voltage is considered one with a low ex- 
change current density which polarizes 
markedly with smail values of current. 


SURFACE AREA RELATIONSHIPS POLARIZATION AND CORROSION 


constant potential the total current 
the surface essentially the 
region since the current contribution 
from region negligible. Therefore, 
the measured exchange current density 
would reduced the fraction the 
surface occupied region 2—a reduc- 
tion from 0.50 microampere/sqcm 
0.42 microampere/sq cm. 

From the two examples presented 
above, can seen that covering 
high overvoltage surface with approxi- 
mately percent low overvoltage 
region increases the measured exchange 
current percent, whereas covering 
low overvoltage surface with much 
region produces reduction meas- 
ured exchange current density per- 
cent. 

Some the principles illustrated 
above have been shown qualitatively 
Machu and Fouad? who 
drogen overvoltage bimetallic elec- 
trodes. Unfortunately, their experimental 
procedure was not ideal, since the in- 
dividual metals which were used con- 
tained mixed electrode regions many 
cases. Hansen and clearly 
recognized the importance impurities 
metals resulting overvoltage meas- 
urements during their work hydrogen 
overvoltage aluminum. Their results 
were interpreted considering that the 
overvoltage aluminum was much 
greater than the overvoltage the 
minute exposed areas impurities 
the surface. Thus, these small regions 
carried most the current that their 
measurements represented overvoltage 
behavior small fraction the total 
area. They also claimed that the cor- 
rosion potential their alloys was 
simply determined the area im- 
purities exposed and the overvoltage 
these areas the corrosion current. 
There appear many systems where 
this kind analysis could prove help- 
ful interpretation observations. 


Area Relationships Corroding 
Electrodes 

addition the factors described 
above which may influence overvoltage 
measurements surfaces where only 
one oxidation-reduction reaction pro- 
ceeds, other factors concerning corrod- 
ing electrodes require further considera- 
tion. These are systems where two 
more oxidation-reduction reactions pro- 
ceed the same surface. particular, 
one may subdivide the surface into 
regions where the predominant reaction 


TABLE Data for Stainless Steel and Titanium Electrodes 


Exchange 
Current 
Exchange Density 
Total Area Current (uamp/ * ycorr 
SAMPLE (sq cm) (yamp) sq cm) @ (Volt) (Millivolt) 
Ti (10).. 10.05 0.082 0.0082 —0.081 —2.6 
CO) 51.43 0.65 0.0126 —0.087 —2.1 


* The difference in potential between the sample and a platinum electrode in the same solution 


reduction (cathode areas) and regions 
where the predominant reaction ox- 
idation (anode areas). 

Polarization diagrams which introduce 
the concept exchange are 
particularly useful graphically illus- 
trating how anode and cathode area 
changes affect the corrosion rate and 
the corrosion potential. This true be- 
cause the exchange current function 
area even though the exchange cur- 
rent density constant for any par- 
ticular electrode process. Thus, changes 
cathode anode area move the posi- 
tion the local polarization curves 
the left the right, changing their in- 
For example, consider 
corroding system with cathodic 
activation polarization curve which ex- 
hibits exchange current density 
microampere/sq and Tafel slope 
0.1 volt along with anodic activation 
polarization curve with the same Tafel 
parameters whose reversible potential 
0.25 volt more active than the reversible 
potential the cathodic reaction. 

Figure shows these polarization 
curves unit area basis dashed 
lines. The potential scale uses the equi- 
librium value the cathodic process 
divided into equal portions anode and 
cathode then the ex- 
change current for each 0.5 area 
0.5 microampere. The local polariza- 
tion curves for this condition are also 
shown Figure where found 
that their intersection (the corrosion 
potential and corrosion current) occurs 
—0.125 volt and 9.1 microamperes. 
The locus all such intersections for 
various anode area fractions 
drawn solid curve this figure. 
interesting note that all corro- 
sion potentials between the equilibrium 
potentials the two redox systems are 
obtained. addition, the maximum cor- 
rosion current exists when the anode 
and cathode areas are equal. 


The Effect Cathode Area Fraction 
Corrosion Potential 

possible derive the relation- 
ship between corrosion potential and 
area fraction for system like that illus- 
trated Figure Considering only 
activation polarization, the Tafel over- 
voltage equations for the separate anode 
and cathode processes may written 
as: 


le 


ne = — B. log (5) 


loc 


1 

where and are the potentials 
anode and cathode areas, respectively; 
and are the Tafel slopes for anode 
and cathode areas; and are the 
anodic and cathodic current densities, 
respectively; and and are the 
anodic and cathodic exchange current 
densities. 

The exchange current densities and 
beta values for the anodic and cathodic 
reactions are constant and 
erties the individual electrode proc- 
esses. They are not dependent upon 
the total area either region. The ex- 
change current, however, influenced 
area. Considering total area, 
Equations and may rewritten 


Ne =— log I+ log Rites (7) 
(8) 
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FRACTION OF SURFACE CATHODE (A,) 


Figure 8—The effect cathode area fraction 
corrosion potential. 


where and are the anodic and 
cathodic currents, respectively, and 
surface represented anode and 
cathode. 

the corrosion potential where anode 
and cathode areas are polarized the 
Equations and produces 


Neorr 
log Leorr = — B log (9) 
_Neorr E 


log = Ba 


Equating the rights side Equations 
and and rearranging produce 


Yeorr — B. Ba B. Ba log Aaloa 


B. 4 Ba log Acloe 


(11) 


which shows how the corrosion poten- 
tial varies with the fraction area 
which anode cathode. Differentiat- 
ing the corrosion potential respect 
with Ba, Be, ioc, and constant 


1 ( + At) 
(12) 


This gives the change 
potential with fraction cathode area 
and shows that the corrosion potential 

The influence area relationships 
corrosion potential can perhaps more 
clearly illustrated assigning values 
the constants Equation and plotting 
Figure such plot using the same 
values for the constants used 
0.5. this region, the corrosion poten- 
tial least influenced area fraction. 


CORROSION CURRENT 


FRACTION SURFACE CATHODE (Ac) 


Figure 9—The effect of cathode area fraction on 
corrosion current. 


The Effect Cathode Area Fraction 
Corrosion Current 


The same kind analysis used 
above can applied here determine 
how the corrosion current varies with 
from Equation and and rearrang- 
ing produce the following relation 


Fa Be 
Ba +4 B. log Aistoe 
(13) 
or 
d log Bef BaAc (14) 


zero, the corrosion current markedly 
influenced changes area fraction. 
Also the corrosion current maxi- 
mum when the surface half anode and 
half cathode. Figure shows the cor- 
rosion current function using 
the same values for the constants used 

important note that Equations 
not apply the limit where 
tions the system longer may con- 
sidered corroding electrode. the 
surface all cathode, then zero and 
the original cathodic reaction 
equilibrium the electrode surface. 
the surface all anode, then and 
the surface reversible metal-metal 
ion electrode. 

The discrepancy these equations 
when the corroding electrode approaches 
the reversible potential either redox 
system occurs because these poten- 
tial regions the reverse reactions the 
redox systems become important. This 
has been discussed adequately Stern 
and and will not described 
here further. The corrections for the 
reverse reactions could introduced 
into the above equations, but this added 


Any discussions this article not published above 


will appear the December, 1958 issue 
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complexity appears unnecessary for the 
present purposes. 


Discussion 


Anode and cathode area changes have 
long been recognized important vari- 
ables corroding systems. Unfortu- 
nately, good experimental method has 
yet been described which permits de- 
termination the fraction corrod- 
ing surface which functions anode 
cathode any one time. possible 
that indirect methods will have 
used for measurements this property. 
For example, Equations and above 
the Tafel parameters the separate 
oxidation and reduction reactions were 
determined under conditions where the 
entire surface functioned anode 
cathode. many cases, this difficult 

The analysis presented here illustrates 
several important concepts which are 
worth listing. 

with regions exhibiting different over- 
voltage parameters for the 
action the sum the individual 
polarization curves when plotted 
current basis. Thus, 
ir -4- fois. 

Polarization measurements high 
overvoltage surfaces are markedly in- 
fluenced small amounts contami- 
nation from low overvoltage impurities. 
the other hand, low overvoltage sur- 
faces are not significantly affected 
small amounts high overvoltage con- 
tamination. 

Polarization diagrams which intro- 
duce the concept exchange current 
can used show how anode and 
cathode area changes affect corrosion 
rate and corrosion potential. 

Various anode and cathode area 
fractions can produce corrosion poten- 
tials which range between the equilib- 
rium potentials the major anodic and 
cathodic processes. 

The corrosion potential 
corrosion current are most sensitive 
area changes when the surface pre- 
dominantly anode cathode. 

The maximum corrosion current 
occurs when corroding surface 
equally divided into anodic and cathodic 
regions. 

While only activation polarization has 
been considered here, the same kind 
analysis could applied polarization 
diagrams which include concentration 
polarization. believed that intro- 
duction this additional complexity, 
even though closer behavior some 
real systems, unnecessary illustrate 
the basic principles which have been 
described. 
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Cathodic Protection Radiant Heating 


Introduction 

HEN THE Kankakee plant 

the Smith Corporation was 
taken over from the building contractors 
1947, was hailed one the larg- 
est installations radiant heating 
that time. covered floor space 
300 feet wide 1200 feet long with 
radiant heating piping underneath the 
whole area. Unfortunately, the archi- 
tects and builders who designed and 
constructed the building were not fa- 
miliar with some the pitfalls that can 
met with radiant heating systems, 
and thus some the pipe was allowed 
lay the ground while concrete was 
poured around it. 

Figure shows the resulting corrosion 
the bottom the pipe, with the edge 
the corrosion pattern ending the 
line where the concrete began encase 
the pipe. Two leaks 
through 1950, but 1951 total 
leaks were encountered. 

When the management the plant 
began notice the high rate increase 
leaks, personnel from the Research 
Division were called help them 
discover the cause, and offer methods 
for mitigation the corrosion. Cathodic 
protection was the suggested remedy, 
but the biggest question was how 
apply the current. Because installa- 
tion costs, the first method tried was 
the installation number carbon 
anodes outside the building. When the 
writer became associated with the prob- 
lem, after this installation was made, 
study was made the effectiveness 
the external anode system introducing 
current onto the exposed piping. This 
was done making holes the floor 
the building and contacting the earth 
beneath with calomel cells. The holes 
formed line perpendicular the line 
anodes outside the building, and were 
about feet apart. These cells were 
connected Beckman Type po- 
tentiometer. The potential difference was 
determined with the anode 
gized. Then the current was turned off, 
and the effect the potential differ- 
ence noted. The difference, while de- 
tectable the galvanometer the 
meter, was small that was impos- 
sible measure accurately with the 
meter From this was concluded 
that the current was not getting the 
pipes sufficient quantities ac- 
complish any appreciable corrosion pre- 
vention. (Later information brought out 
the fact that the foundation around the 
outside the building was extended 
down the bed rock, which was only 
matter four ten feet.) 

The next type cathodic protection 
installation considered was that in- 
stalling anodes through the floor the 
building, distributed throughout the 
building. The big question was that 
how far the current could expected 
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“throw” when the anodes were installed 
underneath the floor, with their maxi- 
mum distance only about feet from 
the piping they were protect. test 
installation was made, indicated 
Figure which the anodes were in- 
column for section three columns wide 
five columns long, with the dimen- 
sions given Figure the time the 
studies this installation 
completed, another leaks 
curred, and the maintenance engineers 
were beginning think that the sys- 
tem was far corroded away that there 
was point trying save it. The 
alternative was install mechanical 
overhead convection system mini- 
mum cost approximately $100,000. 
The information obtained 
preliminary test indiciated 
factory current distribution could ob- 
tained anode installation were 
made each building column, with 
some reason believe that installa- 
tion every other column might work. 


Installation System 

Because the uncertainty the part 
maintenance people whether the 
system was worth saving, was neces- 
sary develop installation technique 
that would hold the installation costs 
low figure possible (else the risk 
making the expenditure would not 


Abstract 

In trying to apply cathodic protection 
to radiant heating pipes, it was not pos- 
sible to provide protection from an ex- 
ternal ground bed so distributed anodes 
were installed through a concrete floor. 
Because some 500 anode clusters were 
installed in a space 300 x 1200 feet some 
unusual techniques application had 
be developed to make the installation 
feasible. These techniques, along with 
the reasoning that led their use are 
described. Also mentioned are some 
the problems encountered in trying to 
determine and when complete protec- 
tion of the system was obtained. 

Cost data pertaining both to the in- 
stallation and the operation of this ca- 
thodic protection system 

5.2.3 


considered justified). But the 
same time, was imperative that the 
system installed should work satis- 
factorily since one installation already 
has failed. 

With these two conflicting conditions 
the criteria, was decided install 
the anodes the base each column, 
with the installation each anode 
described below. 

The installation-of the anodes was ac- 
complished breaking hole the 
concrete near the base column. 
When the hole had been opened up, 
iron rod inches diameter was 
driven into the ground with air ham- 
mer angle about degrees. 
The rod was driven until hit the rock 
below the floor, until total 
feet had been driven. 


second rod was driven into the 
ground about degrees, but aimed 
approximately 180 degrees away from 
the first rod, where possible. When the 
rods were driven point where the 
top end was below the surface the 
concrete, lead wires were 
them, and copper tubing was threaded 
over the lead wires. This copper 
sheathed wire was laid groove cut 
the concrete from the anode 
point inside the flanges the column. 
(Figure shows the copper sheathed 
wire coming out the floor within the 
protection the column flanges and 
the anode lead wire coming down from 
the top the column.) 


The top the anode, the junction 
the lead wire with the anode, and the 
bottom the copper tubing were 
covered pouring hot coal tar into the 
hole the concrete. When that had 
hardened, the hole and groove was 
brought back the original level 
pouring cement into them. This area 


Figure 1—Section radiant heating pipe taken from the floor the Kankakee plant. Cathodic protection 
was applied later to stop this type of corrosion. 
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Figure 2—Preliminary test layout. 


Figure 3—Anode leads encased in copper tubing and 
coming out of the floor between the flanges of the 
building column. 


extending from the right the picture 
into the space between the column 
flanges. schematic arrangement the 
anode portion the installation 
shown Figure 

The distribution current the ap- 
proximately 500 anode clusters dis- 
tributed over the space 300 feet 
1200 feet created problem because 
total 250 amperes was contemplated 
the current delivered the 
anodes. The final solution was buy 
number relatively low capacity rec- 
tifiers, rated amperes output, but 
loaded only amperes (feeding 
anode clusters) because summer 
temperatures encountered the ceiling 
where the rectifiers are installed. The 
particular rectifiers used had 
sibility obtaining either zero eight 
volts, zero sixteen volts 
simple switch arrangement. The output 
voltage was adjustable within each 
range over number taps, that 
was possible obtain wide selection 
applied voltages. 

order maintain uniform current 
distribution the anodes connected 
single rectifier, was necessary 
compensate for the resistance the 
lead wire from the power source the 
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Figure 4—Schematic diagram anode cluster 
installation. 
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Figure 5—Schematic diagram resistance adjust- 
ment distribution panel. 


anode. Figure shows schematic ar- 
rangement which this was ac- 
complished simply and effectively. 
bus bar was connected the rectifier 
positive connection. From that bus bar, 
through screw and washer arrange- 
ment, length resistance wire was 
connected. The other end the re- 
sistance wire was connected through 
permanent connection the top 
0.1 ohm shunt. The shunt was mounted 
masonite panel, with terminals ex- 
tending through the board, that 
probes the ends the The bot- 
tom end the shunt was connected 
wire leading the anode 
clusters the base column, 
order keep the resistance wire from 
curling and shorting out neighboring 
resistance wires, fishing sinker was in- 
stalled each resistance wire, which 
kept all wires hanging downward and 
out the way each its neighbors. 


Figure shows view rectifier 
installation, and front view dis- 
tribution panel. Figure view look- 
ing the bottom the installation, 
showing how the weights were used 
hold the wires place. 


When was desired change the 
resistance particular anode circuit, 
the screw and washer connection was 
loosened the bus bar, and the resist- 
ance wire was changed length, either 
lengthened shortened the require- 
ments dictated. The amount wire left 
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Figure 6—View rectifier and distribution panel 
showing front panel. 


extending beyond the screw connection 
was simply left its own devices, be- 
cause any contacting the wires this 
point would not make any difference 
the circuit characteristics, since the con- 
nection was common bus. With 
this arrangement, was possible 
utilize gage hook-up wire between 
the anode and the rectifier, thus cutting 
down the cost the wire that would 
otherwise have been required at- 
tempt had been made minimize the 
voltage drop the lead wire. 

With installation costs cut the ap- 
parent limit, permission was obtained 
make installation portion the 
building observe the results. July 
1953, power was turned the 
first portion, covering about the 
total Because factors explained 
under “Criteria Protection,” the use 
potential measurements was not 
good method determining quickly 
whether protection was being obtained. 
Therefore, test stations were installed 
number spots the area. each 
these stations, hole was cut the 
floor, and two steel rods inch 
diameter were driven into the ground. 
One rod was attached the pipes re- 
ceiving protective current and the other 
one was left unattached. the end 
months time—before the leak fre- 
quency began show 
change—these rods were examined. 
They showed very convincing man- 
ner how the current was protecting the 
steel. With this visual evidence avail- 
able, was not difficult get deci- 
sion install protection the rest 
the structure. July 1954, the 
current was turned the last por- 
tion the building. 


Results 


From some preliminary calculations, 
plus some educated guesses the 
manner which the current would dis- 
tribute itself over the structure, was 
decided that current 500 milliamps 
should distributed from each cluster 
two iron anode rods attached each 
anode lead wire. The curves Figure 
show how well this current was per- 
formed protect the system. The total 
number leaks per year the whole 
plant has been plotted against the year 
which they appeared. This shows that 
after cathodic protection was applied, 
the rate dropped off rapidly. 

The last leak appear the system 
was April 1955. With such com- 
plete control over the number leaks, 
steps have been taken reduce the 
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Figure 7—Bottom view rectifier and distribution 
panel, showing weights used to hold resistance wires 
position. 


amount current flowing from each 
anode. the present time, the current 
has been reduced about 375 milli- 
amperes average through each anode 
cluster. Because its effect pro- 
longing the life the anodes, the cur- 
rent will reduced gradually until 
few leaks begin show up, since the 
cost repairing few leaks will less 
than that replacing the anode system 
year two sooner than would other- 
wise necessary. 


The use iron anodes driven into 
the ground without any backfill has 
worked out very well from the angle 
the voltage necessary deliver the 
current desired. The average voltage re- 
quired deliver 500 milliamps the 
anode systems was the order 
volts, with the values ranging from 
about volts. 

After months operation, two 
anode clusters, composed four anode 
rods, were taken and After 
cleaning, they showed average weight 
figure approximately pounds per 
anode cluster. estimated average 
the current through the anodes for that 
time 450 milliamps. Over period 
months, that would amount 10,500 
ampere hours, giving result 420 
ampere hours per pound iron used. 
The electrochemical equivalent iron 
reduced the ferrous state 435 
ampere hours per pound. 

One factor that was noted the 
examination these rods was that the 
upper quarter the rod (about 
feet) was corroded very little. This 
means that percent the iron this 
installation will not easily available 
for providing protection. Since this has 
been observed, plans for replacement 
the present anode system (when its full 
life has been attained) will take this fact 
into consideration. 


Costs 


The estimated cost for installing the 
anode portion this system was about 
$12,000. The estimated life the sys- 
tem, based the examination two 
anode clusters the end months, 
would nine years. The current from 
the anodes has been cut down under 
400 milliamps now, and might well 
cut 350 less before any leak- 
age begins show up. 450 milliamps 
will give nine years, then 350 milliamps 
should give about years. When 
considered that the next installa- 
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Figure 8—Leak rate curve. Total leaks per year are shown are the leaks per year the two separate 
sections involved the total installation. 


tion the percent the iron that 
not now active will redistributed 
used more effectively, life 
years might well assumed for the 
anode system cost $12,000. This 
would make cost $1,000 per year 
for anode installation. 

Power costs would run about $600 
per year, based power cents 
per kw-hr, current 350 milliamps 
each 500 anode clusters, and voltage 
power being delivered the anode 
efficiency percent (rectifier ef- 
ficiency around percent). 

Maintenance the system requires 
“walk around” look the rectifiers once 
week see that power all 
them—a matter about hour. About 
every three months, detailed check 
the currents each anode made, 
which requires about hours, includ- 
ing time required for any adjustment 
made maintain currents desired 
level. This would total 106 hours per 
year, about $300 per year. Engineer- 
ing costs follow the progress the 
system not cost over $200 per year. 

When the total costs are added to- 
gether, figure about $2,100 per year 
would the operating cost the sys- 
tem. was estimated that, when all the 
costs the successful installation plus 
the early investigations and studies were 
considered, saving $70,000 was ef- 
fected not having install me- 
chanical convection system. one had 
pay percent interest the money 
that would have been used install 
mechanical system, the saving 
terest the installation cathodic pro- 
tection would pay for the full operating 


costs the 


Criteria Protection 

When the first preliminary work was 
undertaken set cathodic protec- 
tion system, attempts were made de- 
termine means potential measure- 
ments when protection 
However, the variability results made 
the use this criterion unworkable 
under the conditions installation. For 


example, was not uncommon meas- 


ure potential (at the top surface 
the concrete floor) minus 0.44 volt 
calemel electrode one spot, and 
six inches away meas- 
ure potential minus 0.95 volt. 
These potentials would repeat quite ac- 
curately, when moying the cell from one 
location the other the time 
making the observations, they were 
not due variations testing tech- 
niques. Because the large variations 
short spacing, and because was not 
feasible mark spots for exact relo- 
cation cells when making readings 
later survey, was decided that 
for this system the use potentials 
criterion for protection could not 
Consequently, has been neces- 
sary utilize the leak record the 
criterion. This necessarily means slow 
work adjusting the currents 
point where they will not over-pro- 
tecting the system, but has been felt 
that this method cheaper than the ex- 
tensive testing and statistical correlation 
that would necessary work with 
potential values under the existing con- 
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DISCUSSION 
Question Harold Boone, Peoples 
Gas Light and Coke Company, Chi- 
cago, Illinois: 
What was the average current density 
(milliamperes per square foot ex- 
posed bare metal) found necessary for 
this type cathodic protection. 


anything better than guess the 
current density. This because 
not know how much the individual 
pipes are exposed, and not know 
how much other area exposed, such 
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columns extended below the concrete 
column footings, and other miscel- 
laneous steel exposed the cathodic 
current. are continuing cut down 
the current our leak record seems 
warrant (present value 375 milliamps 
per anode group), will not even 
know what minimum current required 
for complete protection until have 
reached point where the leak rate be- 


arriving starting figure, esti- 
mated one fifth the pipe exposed, 
figured minimum current milli- 
amps per square foot the greatest 
distance from the anode, and estimated 
that the current density near the anode 
would about five times that 
the greatest distance from the anodes. 
When averaged this out arrive 


Any discussions this article not published above 


will appear the December, 1958 issue 


Vol. 


total current from each anode 
cluster (the anodes driven each 
column) had figure something 
like 300 milliamps. Then increased 
the current each cluster 500 milli- 
amps simply assurance that 
would get complete protection, because 
much was dependent our being 
able provide the protection had 
claimed could get. 
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Service Performance Cast Magnesium Alloy Anodes 


Introduction 
ROTECTION SYSTEMS have 


been tried both inactive and 
active ships the eleven years that have 
elapsed since work the cathodic pro- 
tection ships was begun. With altera- 
tions the systems, number differ- 
ent designs for anodes were used, and 
their behavior service noted. These 
alterations design and the numbers 
anodes ordered, sometimes dictated 
alteration casting methods used 
the foundry. 


has been observed that corrosion 
patterns vary considerably from one 
anode another. Since the efficiency 
use magnesium frequently re- 
lated the corrosion pattern the 
anode, this investigation was under- 
taken determine, possible, the rea- 
son for the inefficient corrosion pattern 
observed ship trials with some anodes. 


Service Performance Ship Anodes 

The original pattern (Mark anode, 
made especially for protection inac- 
tive ships, was cylindrical sand cast- 
ing. This anode, six inches diameter 
and inches long, carried centrally 
located one-quarter inch steel pipe core 
and crossbar used for attach- 
ment the rope for suspension. serv- 
ice corrodes very uniformly, with 
little tunneling from local action 
the bare steel core crossbar (Fig- 
ure 1). This pattern still use. 

The first installation magnesium 
anode system active ship, larger 
than small tug, was made June, 
1949. The behavior the anodes has 
been described The cause 
the unsatisfactory behavior these 
anodes was copper contamination from 
the cast-in conductor bars; suggestions 
for preventing this difficulty have been 
given modified anode, cast 
with chill plate next the copper 
conductor, was satisfactory insofar 
contamination the anode metal with 
copper was concerned. 


The next modification was made 
reduce the expense casting using 
permanent steel mould and provide 
more convenient and flexible method 
attachment and renewal. The design 
indicated Figure The new anodes 
were inches wide, inches thick and 
inches long. Two inch diameter 
steel bars were included allow the 
anode split for installation 
narrow bilge keels and provide 
secondary precaution against electrical 
discontinuity, well reducing the 
electrical resistance array. 
shown Figure two retaining straps 
were welded the conductor bars, and 
cast into the anode that the straps 
projected from the anode each side. 


Experience fitting the earlier pat- 
terns anodes with copper conductor 
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bars has shown that brazing con- 
siderably less common operation 
shipyard than welding, operators for 
the latter are always available. also 
was thought that scrap recovery might 
possible steel were used, while 
would more difficult copper con- 
ductors were present. 

One the first installations this 
type anode was made HMCS 
laceburg October 1950. Enough 
magnesium had been installed for two- 
year life, but the ship was docked for 
inspection the end one year. The 
appearance the anodes shown 
Figures and Deep necks, that threat- 
ened cut through the anode, had de- 
veloped the vicinity the retaining 
straps while, the same time, part 
the original surface was still present 
near the center the anode. The close 
coupling the magnesium and steel 
the straps could not completely re- 
sponsibility for the necking, this 
action not observed any great ex- 
tent around the crossbar and core pipe 
determine the cause this inefficient 
behavior, new anode was sectioned 
and analyzed chemically. The sections 
cut are shown Figure 


Results Iron Analysis 


was first thought that iron from 
the retaining straps and conductor bars 
may have been the cause the acceler- 
ated corrosion the crossbar areas. 
Figure gives the distribution iron 
found the surface D-D, and Figure 
the distribution found the surface 
E-E Figure 


Discussion Iron Analyses 


apparent that there great 
concentration iron the vicinity 
the retaining straps and conductor bars. 
the top surface, there are two sam- 
ples with iron higher than normal. This 
could caused gontamination from 
the mould. The other high iron samples 
were near the center the casting and 
area that had not yet been reached 
corrosion the anodes they ap- 
peared the one-year docking Wal- 
laceburg. While not desirable 
have high iron areas, they could not 
have been responsible for the highly ac- 
celerated attack the straps 
test. Examination the cut faces 
the anode showed that these high iron 
samples were taken from area that 
had high concentration casting 
pores. Thus, this metal was obviously 
the last solidify and concentrate 
the impurities the original metal. 
solidification, inward from the mould 
face, the impurities were 
ward the center the casting. The 
dissolved gas was concentrated the 
same location the other impurities, 
and, solidification, resulted casting 
pores the anode the position 
the impure metal. 

From the foregoing was concluded 
that iron impurity was not major 


Abstract 


During the course of development of ca- 
thodic protection systems suitable for the 
protection of active ships, a number of 
different designs of anodes have been 
tried and considerable differences in 
their behavior have been noted in ship 
trials. The designs tested have included 
sand cast cylindrical anodes with cast-in 
steel conductor rods, which corroded 
very uniform pattern, and chill cast 
rectangular anodes with cast-in retain- 
ing straps, which corroded preferentially 
at the cast-instraps. The magnesium 
alloy used in all cases was AZ-63. Chem- 
ical analysis of the metal indicates that 
the only major difference the two 
anodes inverse segregation the 
major alloying constituents the chill 
cast anodes. The inverse segregation 
found produces an anode with the most 
actively anodic metal on the inside of 
the casting. Any puncture of the anode 
surface (in the vicinity of a cast-in 
strap, for example) will lead prefer- 
ential attack the point puncture. 
Laboratory tests the anode metal from 
chill cast ships’ anodes and unsegregated 
anodes, indicates that there is sufficient 
difference between the outside metal and 
inside metal to account for the corrosion 
pattern observed ship trials chill 
cast anodes. 5.2.2 


cause the behavior the anode straps. 
other impurities were not likely 
present sufficient quantity cause 
trouble, further analyses for major alloy- 
ing constituents were made deter- 
mine their distribution the anode. 


Analyses for Alloying Constituents 

The samples for alloying constituent 
analyses were taken surface Fig- 
ure The results are given Table 

The analyses show that these Mark 
III anodes, cast, were segregated 
inverse way. Generally the first metal 
solidify any melt, (i.e. the metal 
the outside the casting) has 
higher percentage the major constitu- 
ent than the average composition the 
melt from which was derived. this 
magnesium alloy casting, however, the 
reverse was found true. The high- 
est magnesium content was found 
the inside the casting. This typ- 
ical inverse segregation effect. 


Since the Mark III anode chill 
casting, seemed advisable make 
similar analyses for segregation sand 
cast anodes. The anode used this case 
was solid cylinder intended for use 
the condenser doors steam driven 
ships. had been scalped the foundry 
inches diameter; thus the out- 
side samples were not available for 
analysis. series samples was taken 
along radius and analyzed for major 
constituents. The analyses are given 
Table 


Figure 1—A Mark (sand cast) anode, Corrosion 
occurred here uniformly, with little or no tunneling 
from local action at the bare steel core or cross bar. 
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TABLE 1—Analysis Chill Cast Mark 
Anode for Major Constituents 


Sample | Mg. 
1 (Top 

Surface) 6.95 3.52 30 | 89.23 
5.83 3.50 .29 90.38 
5.50 3.23 .28 90.99 
5.34 3.09 91.25 
8 (Bottom j . | 


apparent from these results that 
segregation this anode has been very 
slight indeed and suggests that the in- 
verse segregation observed the Mark 
III anode associated with the chilled 
casting. 


Electrochemical Behavior 
Segregated Material 


The electrochemical potential 
magnesium alloy, and 
anodic polarization will alter 
with varying amounts alloying metals. 
the case segregated casting, this 
means that metal having low alloy 
content and high alloy content dif- 
ferent areas used the low 
alloy metal will react faster, since 
will have, general, more anodic 
segregated anode, this means that any 
point where the surface punctured, 
the action will continue there preferen- 
tially, due exposure more highly 
anodic material, This was thought 
the probable explanation the corrosion 
pattern observed the Mark anode. 

effort was made measure the 
potential difference existing between the 
inside and outside metal the segre- 
gated anode, but consistent differ- 
ence could found quiet sea water 
with anodic current being drawn 
from the metal. 


Description Electrochemical 
Experiments 


The following test was made study 
the behavior this anode metal when 
current being delivered and both out- 
side (high alloy content) 
(low alloy content) metal are exposed 
the same time. 

block metal was cut from the 
anode direction perpendicular 
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Figure 2—Layout the Mark (chill cast) anode. 
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TABLE Sand Cast Con- 
denser Door Anode for Major Constituents 


Sample | Mg. 

Number Al Zn Mn (by diff.) 
1 (Outside) 5.63 3.12 0.42 90.83 
Beawsvrnes 5.57 3.14 0.60 90.69 
5.72 3.10 0.58 90.60 
5.55 3.08 0.49 90.88 
5.62 3.09 0.53 90.76 
Rawawnaes 5.46 3.19 0.49 90.86 
6 (Center) 5.66 3.39 0.52 90.43 


the wide face the anode and close 
possible the position where the samples 
Table were taken. was hoped 
that, this way the composition the 
metal could represented the chem- 
ical analysis the metal from the ad- 
jacent chemical analysis sample point. 

The position the metal block 
shown Figure The block metal 
was removed and machined uniform 
rectangular cross section, approximately 
side, The length was inches 
(the thickness the anode). This ma- 
chined bar was then cut into sections 
expose surfaces whose location 
depth the anode was known and 
whose chemical composition could 
assumed known. These 
mounted individually bakelite 
metallurgical specimen mounting press, 
expose known face approximate- 
specimen being masked. The back 
the bakelite mount was drilled, tapped 
and fitted with bolt provide 
electrical connection the magnesium. 
Eight mounted 
were used anodes parallel pro- 
vide current common cathode. 
Figure general layout the ap- 
paratus used and sketch mounted 
specimen. The total electrical resistance 
face the common 
point was constant +0.03 ohm. The 
electrical connections are given Fig- 
ure 

Before use, the anode blocks were 
filed flat, finished with 2/0 metallogra- 
phic emery paper, and etched minute 
hydrochloric acid. They were 
then immersed sea water uni- 
form distance from the cathode. 

there were any inherent difference 
between the potential-polarization char- 
acteristics the different anodes, 
would show difference the 
amount current delivery the an- 
odes the common and symmetrically 
located cathode. 


Figure 3—Typical performance Mark (chill- 
cast) anode. 


Figure 4—Tunneling the straps Mark 


anode. 
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Figure 5—Sectioning of a Mark III anode for chem- 
ical analyses and electrochemical evaluation. 


The mounted specimens 
nected parallel through identical re- 
sistances that the current delivered 
each depended the total current 
the common circuit, and the po- 
tential and polarization characteristics 
the individual anodes. 

active segregated Mark III 
anode, the anodes parallel are repre- 
sented different areas the same 
large block metal and are connected 
very low resistance path through 
the anode itself. This would have the 
effect practice accentuating any 
difference anode behavoir found 
the laboratory (tests where the metal 
representing different areas the 
anode are connected through the 
ohm resistances used measure cur- 
rent output.) 

Current delivery from the anodes was 
measured reading the potential drop 
across accurate resistance +.02 
Leeds and Northrup type K-2 
potentiometer was used. After any al- 
teration the total current, min- 
ute period was allowed for the anodes 
come equilibrium before current 
measurements were recorded. order 
maintain active surface similar 
that working anode, all readings 
were taken the same set samples 
without repolishing. Five sets indi- 
vidual current readings were taken for 
each total current setting obtain 
reliable individual anode current. This 
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Figure 8—Apparatus used for current distribution 
from anodes in parallel. 


repeated three successive days, 
the duration the experiment. For 
each total current setting, therefore, 
current readings each anode were 
averaged obtain the current delivered 
the individual anodes. During the 
waiting period between daily readings, 
average current density about 0.12 
amp per was drawn 
group. The current density for Mark 
III anode service varies between 0.1 
amp and 1.5 amp per ft. 

The current from the individual an- 
odes was calculated percentage 
the total current the common circuit 
for each total current used. Since there 
were eight anodes parallel, each 
anode would expected deliver 12.5 
percent the total current, the an- 
odes were identical. 


Results Electrochemical Experiments 


Table are listed the averages 
the fifteen current readings milliam- 
peres from the separate anodes. The 
mean the current densities all the 
anodes also has been included, calcu- 
lated milliamperes per and 
area per anode. These current densities 
roughly represent very low, medium, 
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Figure 9—Electrical connections for the determina- 
tion of current distribution from anodes in parallel. 


TABLE 3—Mean Current Delivered Indi- 
vidual Anodes Three Total Current 
Settings 


External Current (ma) 


Sample No. 0.5 4.0 15.0 
0.094 0.559 1.93 
0.021 0.372 1.74 

0.515 3.998 15.08 


Mean Current Density 0.066 0.510 1.92 
ma/sq/cm 


Mean Current Density 0.061 0.475 
amp/sq ft 


and high rate consumption the 
anode material. There reasonably 
close agreement between the measured 
current the external circuit and the 
total obtained the sum the eight 
current values Table 

Table calculation the per- 
centage the total current delivered 
each anode three current densities. 

Figure plot the percentage 
the total current delivered ordi- 
nates against the position the sample 
the anode abscissa. Chemical an- 
alyses are also included this graph. 


Discussion Experimental Results 

Figure demonstrates the fact that 
the material richest magnesium 
most anodic while that highest alloy- 
ing constituents most cathodic, the 
differences behavior being most 
marked low current densities. With 
these facts mind, was suggested 
the company casting the anodes that 
the casting technique altered min- 
imize the segregation. Some changes 
were made the casting technique and 
one the anodes produced was 
analyzed for segregation major con- 
stituents and tested for distribution 
anode current from anodes parallel, 
using the technique described above. 

The chemical analysis obtained are 
given Table Sampling was accord- 
ing Figure 

The percentage current distribution 
for eight small anodes parallel 
given Table 

These values Tables and are 
plotted Figure 11. slight difference 
the cross sectional area the milled 
specimen caused the slight differences 
average current density between 
Tables and 


SERVICE PERFORMANCE CAST MAGNESIUM ALLOY ANODES 


CURRENT DENSITY Composition. 


| CURRENT DENSITY 
| 0,475 anp/SQ FT 


PERCENT MAGNESIUM IN THE METAL. 


° ¢ 3 
POSITION SAMPLES THE ANODE CASTING 
Figure 10—Chemical analyses and current distribu- 


tion from anodes parallel obtained using metal 
from chill cast Mark anode. 


iN THE METAL 


PERCENT MAGNESIUM 


PERCENT OF TOTAL CURRENT OELIVERED BY EACH ANODE 


POSITION OF SAMPLES IN THE ANODE CASTING 


Figure 11—Chemical analysis and current distribu- 
tion from anodes parallel obtained using metal 
from Mark anode cast modified technique. 


Discussion Results 


Comparison Figures and 
shows that very high current density 
there little tendency for either anode 
develop poor corrosion pattern 
the basis current output alone. 

overall anode current density 
about 0.5 amp sq/ft the less segre- 
gated casting shows distinct superior- 
ity and gave current distribution not 
far different from that obtained 1.75 
amp/sq ft. The highly segregated anode 
shows maximum value 1.5:1 for the 
ratio current output the most ac- 
tive metal (sample the least active 
(sample 8). For the less segregated 
anode the maximum ratio 1.1:1 for 
samples and the same current 
density. 

the very low current density 
approximately 0.06 amp/sq ft, which 
seldom used for long periods hull 
protection, both anodes show differ- 
ences current output from most ac- 
tive least active metal. Even here, 
however, the less segregated anode 
shows distinct improvement over the 
more highly segregated one. The ratio 
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Figure 12—Typical performance of a Mark III anode 
cast by a modified technique. 


TABLE the Total Current 
Delivered Each Anode for Three Total 


Percent of Total 
Current for Anodes of 
Three Mean Current 
Densities 

0.061 0.475 1.79 
amp/ amp/ amp/ 

Sample No. | sqft sq ft sq ft 
2 | 7.8% 12.2% 13.3% 
18.2% 14.0% 12.8% 
4 22.9% | 14.9% 13.0% 
20.7% 14.7% 13.2% 


current output from most active 
least active 2.7 for the former and 5.5 
for the latter. possible that these 
low current densities that the current 
distribution may depend metallurgi- 
cal factors addition the segrega- 
tion major alloying constituents. 

Although extended service results 
the anodes cast the modified casting 
method are not available 
carrying these anodes 
spected. Figure shows the appear- 
ance some the Mark III anodes 
cast the modified casting technique 
they appeared after six months serv- 


Conclusions 
The results obtained with the experi- 
mental set-up indicate 
that the following mechanism may 
the cause the necking observed 
the original Mark anode. Close 
coupling steel magnesium alloy 
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TABLE 5—Analysis for Major Constituents 
Casting Method 


Sample 
1 (Top 
re 2.97 40 | 90.73 
: 5.91 2.94 38 90.77 
4. 6.08 2.89 44 | 90.59 
5. 5.72 2.78 | .45 91.05 
5.90 3.08 90.41 
(Bottom 
Surface) 6.00 | 3.00 45 90.55 


the cross bar causes slightly increased 
attack the anode the vicinity 
the bar, above the general attack over 
the surface produced the normal 
operation the anode. The increased 
attack near the bar exposes metal that 
more anodic, while delivering current, 
than the remainder the 
face. The general attack therefore will 
shift, part, from the anode surface 
and concentrate the more anodic 
metal that being exposed the in- 
terior the anode near the bar, pro- 
ducing the neck observed practice. 
When the attack has progressed the 
neck far enough expose the center 
metal that the most highly anodic 
and the same time has the highest 
concentration heavy metal impurities 
(iron for example shown 
ysis), the attack the anode will 
further increased due self corrosion 
the more impure (as distinct from 
more highly alloyed) metal. 

Evidence this behavior 
observed some anodes. With the at- 
tack the more active material, in- 
crease size the opening the 
anode surface will occur which turn 
will lower the sea path resistance and 
allow the attack proceed. 

The anodes described 
this report all have been used con- 
type operation possible install 
enough magnesium ship provide 
complete protection for period two 
years more. this way work 
renewal anodes and lay days dock 
are reduced minimum and full ad- 
vantage taken the economies that 
are available with cathodic protection. 


will appear the December, 1958 issue 


TABLE 6—Percentage Total Current De- 

livered Individual Anodes Three Total 

Current Settings Using Metal from Mark 

Anode Cast Modified Casting 
Method 


Percentage of Total 
Current At Three Mean 
Current Densities 


0.058 


0.464 1.74 

amp/ amp/ amp/ 
Sample No. sq ft sq ft sq ft 
ee 13.3 12.0 12.4 
oe 14.6 12.5 12.0 


whether complete control used with 
variable resistance and metering equip- 
ment installed inboard only partial 
control with fixed resistances installed 
with each anode, will limit the current 
output the anode and allow the effect 
any inverse segregation become 
evident. 

Several steps may taken mini- 
mize the necking. Galvanizing alu- 
minum coating the cast-in steel inserts 
will reduce the potential causing the 
initial penetration the anode surface. 
Alterations casting technique have 
produced anode that less highly 
segregated than those previously use 
and service trials this anode appear 
promising. Further alteration 
casting technique may allow advantage 
taken the inverse segregation 
effect produce anodes with active 
outer surface and with less active metal 
the vicinity the conductor bars 
and retaining straps which then will 
the last consumed. 
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Corrosion Steel Water 


Varied Ratios Dissolved Gases* 


Introduction 

CORROSION steel equip- 

ment oil-production systems has 
been problem economic concern 
since the early days the industry. 
This problem intensified stimula- 
tive methods petroleum production 
water injection, particularly when 
the waters injected have high concen- 
trations dissolved salts and gases. 
Although electrochemical corrosion 
lytes, such oil-field brines, the prin- 
cipal basic corrosive agents injection 
waters are the common dissolved gases: 
oxygen, free carbon dioxide, and hydro- 
gen sulfide. earlier paper,’ data 
were presented the corrosion caused 
mild carbon steel distilled water 
concentrations those three dis- 
solved gases ranging from zero near 
saturation values. 

Additional laboratory tests were made 
with varied ratios free carbon di- 
oxide oxygen and hydrogen sulfide, 
with the concentration one gas main- 
tained constant throughout series 
tests and the concentration the other 
gas varied increments values ap- 
proaching Data derived from 
six series dissolved-gas corrosion 
tests hours duration are presented 
herein. Results one test corrosion 
rate versus time with maximum 
984 hours exposure also are presented. 
Experimental methods are summarized, 
and the method used for quantitatively 
determining free carbon dioxide the 
presence appreciable concentrations 
hydrogen sulfide described. 


Apparatus 

The apparatus employed for the tests 
same that described earlier Wat- 
kins and Wright.’ All tests were con- 
ducted using non-metallic dynamic 
system. Corrodent gases were dissolved 
distilled water with the temperature, 
concentrations dissolved gases, and 
flow velocity stabilized and controlled. 
Duplicate systems were used 
two corrosion-test runs might made 
simultaneously. 


Corrosion specimens wide and 
long were cut from mild-steel 
shim stock thick. Results ear- 
lier laboratory tests indicated that more 
reproducible results were obtained 
using shim stock than using sheet 
steel, which less uniform composi- 
tion. 

The corrosion specimens were pre- 
corroded solution percent am- 


*% Submitted for publication August 26, 1957. A 
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monium citrate and percent am- 
monium hydroxide for one hour 
prevent erroneous initial weight 
losses caused irregularities the 
surface finish the steel. The precor- 
roded specimens then were scrubbed 
with water and scouring powder 
using stiff brush, were rinsed with 
distilled water followed acetone, and 
then were air dried, weighed, and stored 
desiccator over drying agent until 
they were used. 


Test Method 


Before corrosion test was made, 
water was cycled through the apparatus 
until constant operating temperature 
(about 26.7 was attained. 
After the temperature 
gas was dispersed into the water, and 
cycling was continued until the desired 
gas concentration remained constant. 
One gas (for example, carbon dioxide) 
was dispersed into one saturator, the 
second gas (for example, oxygen 
hydrogen sulfide) was dispersed into 
second saturator, and the ratio con- 
centration the gases was controlled 
the dispersion nitrogen into the 
third saturator. 

When stability the gas concentra- 
tion was obtained, the corrosion speci- 
mens were placed jars and exposed 
for period hours. During this 
time the temperature the corrodent 
was maintained with average devia- 
tion 0.2 and maximum deviation 
0.5 The the solution was 
recorded continuously, and samples 
the water taken intervals were ana- 
concentrations dissolved gases. Pres- 
sure-regulator valves were adjusted 
necessary maintain the desired gas 
concentrations, The velocity the fluid 
past the test specimens was maintained 
close 0.05 centimeter per second. 


the conclusion test the speci- 
mens were removed from the jars and 
inspected, and the nature and quantity 
corrosion products were recorded. 
The specimens were wiped remove 
loose corrosion products from the sur- 
face, scrubbed again previously de- 
scribed, and placed solution 10- 
percent ammonium citrate and 10-per- 
cent ammonium hydroxide for 
one hour. the end this interval, 
the specimens again scrubbed, 
rinsed distilled water and acetone, air 
dried, and weighed determine the 
loss weight. One non-corroded speci- 
men was cleaned the same manner 
and for the same length time the 
corroded specimens determine the 
loss weight caused alone. 
This loss was deducted from the total 
weight loss each specimen, and the 
difference weight loss was considered 
seven specimens were used each cor- 


rosion test, and average the 


Abstract 
Laboratory tests were made deter- 
mine the corrosivity of steel in water 
containing varying concentrations of dis- 
solved gases. Tests were conducted with 
varied ratios of free carbon dioxide to 
both oxygen and po pte ge sulfide, with 
the concentration of one gas maintained 
constant throughout a series of tests and 
the concentration the other gas varied 
by increments to values approaching 
saturation. Corrosion rate as a function 
time the system was determined 
at time intervals to a maximum of 984 
hours exposure. Results indicated that 
corrosion caused oxygen free 
carbon dioxide increased almost in direct 
proportion the concentration dis- 
solved oxygen. The greatest potential 
might be expected from water saturated 
with air and containing high concentra- 
tions of dissolved free carbon dioxide. 
The inhibiting action of hydrogen sulfide 
the formation protective coatings 
was manifested almost throughout the 
entire range of carbon dioxide-hydrogen 
sulfide ratios. In the time versus corro- 
sion tests, the corrosion rate was fairly 
linear with time up to about 72 hours; 
it then increased, and again assumed a 
nearly linear relationship from about 140 
hours to 984 hours exposure. 3.4.6 


weight losses was used the value for 
corrosion loss that particular gas con- 
centration. These values were converted 
from milligrams per specimen aver- 
age penetration per year thousandths 
inch (mpy). 


Oxygen-Carbon Dioxide Corrosion 


The results three series corro- 
sion tests presented graphically Fig- 
ure show the magnitude corrosion 
steel caused concentrations free 
carbon dioxide ranging from 670 
ppm oxygen concentrations 1.6, 4.3, 
and 8.8 ppm. 


The value ranged from 4.1 4.8 
throughout the series tests. Visual 
observation the corrosion specimens 
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Figure 1—Corrosion mild steel distilled water 
oxygen and free carbon dioxide. 
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Figure 2—Corrosion of mild steel in distilled water 
by dissolved free carbon dioxide and hydrogen sulfide. 


the end each test showed that the 
specimens were spotted with loose, 
yellow red, porous coating iron 
oxide. The amount iron oxide present 
and the extent and depth pits ob- 
served the surfaces cleaned speci- 
mens were roughly proportional the 
concentrations dissolved oxygen used 
each test. continuous black coating, 
tentatively identified intermediate 
iron oxide, was observed 
loose yellowish- red oxide coating. Cor- 
rosion products were not analyzed. 
lower concentrations carbon dioxide, 
the coating was removed easily from 
the metal surface scrubbing; 
higher concentrations removal was 
much more difficult. 

The shapes and slopes the curves 
presented here represent combination 
the same functions curves plotted 
from data indicating the corrosion 
caused oxygen and free carbon di- 
oxide solutions independent one an- 
other. When corrosion was plotted* 
the ordinate rectilinear coordinates 
against concentration the dissolved 
gas the abscissa, the resultant curves 
were concave for oxygen corrosion and 
convex for carbon dioxide corrosion, 
compared the left vertical and upper 
horizontal axes. The curves Figure 
all exhibit concave shape, becoming 
more linear concentrations free 
carbon dioxide greater than 300 400 
ppm. The slopes 
portions the curves are intermediate 
between those the curves previously 
obtained for oxygen and free carbon 
dioxide alone. 

The magnitude corrosion was 
greater with both oxygen and carbon 
dioxide common solution 
comparable concentrations either gas 
singly. Using the methods, 
results reported earlier showed maxi- 
mum corrosion weight loss 9.5 mpy 
for oxygen ppm.) and mpy for 
free carbon dioxide (750 ppm). The 
maxima indicated Figure are 
mpy 670 ppm carbon dioxide and 
1.6 ppm oxygen; mpy 550 ppm 
carbon dioxide and 4.3 ppm oxygen; 
and mpy 480 ppm carbon di- 
oxide and 8.8 ppm oxygen. 


Carbon Dioxide-Hydrogen Sulfide 
Corrosion 


Figure shows the corrosion rates 
mild steel exposed aqueous 
solution containing 940 ppm free 
carbon dioxide with 
concentrations averaging 35, 150, and 
400 ppm all three tests dissolved 
oxygen content was less than 0.5 ppm. 
The the solution ranged from 
4.0 5.1 throughout the three series 
tests. 

the corrosion data previously pub- 
was shown that corrosion in- 
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Figure 3—Comparative corrosion of mild steel _of 
different composition by dissolved free carbon dioxide 
and hydrogen sulfide. 


creased sharply with increased concen- 
concentration about 150 ppm. 
From 150 ppm about 400 ppm, cor- 
rosion remained essentially constant and 
between 400 and 1,600 ppm corrosion 
diminished rapidly. From 1,600 ppm 
2,640 ppm the corrosion rate again be- 
came nearly constant. Little more cor- 
rosion occurred this concentration 
theorized that polysulfides other 
complex iron sulfide compounds formed 
the higher concentrations hydro- 
gen sulfide inhibited corrosion passi- 
vation the metallic surface the 
specimens. This belief was borne out 
laboratory tests using ammonium 
polysulfide inhibitor which notice- 
ably reduced corrosion the inhibited 
specimens. 


the basis the earlier experi- 
ments was expected that hydrogen 
sulfide might exhibit inhibiting effect 
relatively high concentrations when 
common solution with carbon di- 
oxide. The data presented Figure 
show that inhibiting action was ob- 
tained. However, instead occurring 
high concentrations hydrogen sulfide 
only, inhibition apparently took place 
also lower concentrations, For ex- 
ample, curve Figure shows little 
increase corrosion with increasing 
carbon dioxide concentration. This 
not comparable the results obtained 
with carbon dioxide alone com- 
mon solution with oxygen. The maxi- 
mum corrosion obtained with hydrogen 
sulfide concentration 150 ppm (curve 

mpy) less than the maximum 
obtained with hydrogen sulfide alone 
that concentration (26 mpy), 
viously The maximum corro- 
sion with hydrogen sulfide concentra- 
tion 400 ppm (curve mpy) 
less than the maximum with hydrogen 
sulfide alone that concentration (26 
mpy). The flat slope all three curves 
indicates that some inhibition occurred 
throughout the tests. 


Surfaces the specimens used the 
hydrogen dioxide corro- 
sion test were covered with precipi- 
tated black coating varying degrees 
density and thickness. earlier 
tests with hydrogen sulfide alone, the 
relative thickness the corrosion prod- 
uct increased with increases hydro- 
gen sulfide concentration; however, the 
bulk the material was comparatively 
easily removed. higher concentra- 
tions hydrogen sulfide extremely 
tenacious, dark coating that 
formed next the surface the metal 
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Figure 4—Corrosion mild steel water dis- 
solved free carbon dioxide as a function of exposure 
time. 


apparently was more dense and much 
more difficult remove. This coating 
apparently was responsible for inhibi- 
tion corrosion throughout the three 
series tests, and particularly the 
higher hydrogen sulfide concentrations. 
the earlier tests, this coating was 


The problem identifying the vari- 
ous sulfides formed during the corro- 
sion steel hydrogen sulfide 
various aqueous environments, and 
evaluating the relative effect corro- 
sion rates the respective sulfides, 
exceedingly complex one which has 
been studied numerous investigators. 
Meyer presented comprehensive 
review the identification and effect 
various sulfide corrosion products, 
which they reported that, distilled- 
water-hydrogen-sulfide system, kansite 
tarnish 
whereas kansite scale accelerated corro- 
sion, with subsequent lessening cor- 
rosion rates the was converted 
successively pyrrhotite and 
pyrite Their results further 
showed that, brine system, the 
kansite scale continued form, with 
continued increase corrosion rates 
with time and that the presence car- 
bon dioxide appeared inhibit the sub- 
sequent formation pyrrhotite and py- 
rite. 

Although the corrosion products 
formed during the tests reported herein 
were not identified, the coating next 
the metal the higher concentrations 
hydrogen sulfide distilled water and 
throughout the series tests with both 
hydrogen sulfide and free carbon di- 
oxide distilled water had more the 
appearance tarnish than scale. 
The authors this paper suggest that 
this substance may have been kansite 
tarnish, shown responsible for 
the inhibition corrosion during the 
first days the tests reported 
Meyer al. 

Skei and Bonner were issued 
drogen blistering and fissuring the 
use polysulfides aqueous systems 
introduced either externally formed 
place the addition oxidizing 
agents. However, they teach that poly- 
sulfides are destroyed acid environ- 
ments. the experiments reported 
herein, the the system always 
was the acidic side. Nevertheless, 
definite inhibition was observed through 
the action the precipitated corrosion 
product. 


Effect Composition Steel Alloy 
Corrosion Rate 


intermediate point the cor- 
sary obtain new supply the shim 
stock from which the corrosion speci- 
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TABLE 1—Spectrographic Analyses Steel 
Corrosion Specimens 


Minor Constituents, 
Present Percent 


ELEMENT Steel No. 1 | Steel No. 2 
Chemical carbon....... 0.24 0.06 
39 


mens were prepared. Although was 
recognized that minor variations 
composition the alloys 
might cause minor differences their 
relative corrosion resistance, was not 
believed that the difference resistance 
would appreciable magnitude. 
However, was determined that the 
corrosion resistance the two steels 
differed more than was expected. Figure 
the two steels comparable concen- 
trations free carbon dioxide (50 
700 ppm) and hydrogen sulfide (150 
ppm). may observed that the cor- 
rosion caused steel No. approxi- 
mately three times that caused the 
new steel. The results spectrographic 
analyses the two steels are presented 
Table 

interest that the more corro- 
sion-resistant steel contained 
bon, manganese, chromium, nickel 
and more copper than the other steel, 
Manganese, chromium, and nickel ap- 
parently did not afford corrosion pro- 
tection, whereas copper did for the par- 
ticular environment carbon dioxide 
and hydrogen sulfide used the test. 
All the tests reported Figures 
and this paper were made with 
the copper-bearing, more resistant steel. 
The composition this steel more 
nearly approaches that the steel com- 
monly used for the fabrication oil- 
field equipment. However, considering 
the difference the magnitude cor- 
rosion that can caused minor 
variations constituents the steel, 
recognized that generalizations should 
not made the relative corrosion 
resistance mild steels actual serv- 
ice. 


Extrapolation Results 72-Hour 
Test Longer Periods 

The 72-hour period exposure was 
selected arbitrarily being exposure 
time that should yield results that might 
extrapolated field conditions for 
predicting the life steel tubular goods 
and other production equipment. 
determine the linearity the relation- 
ship corrosion exposure time and 
the validity extrapolations data 
obtained from comparatively 
range tests, extended corrosion test 
was made, using solution with con- 
stant concentration 510 ppm free 
carbon dioxide and 0.5 ppm oxygen 
the corrodent. Ten corrosion speci- 
mens were placed the solution and 
one specimen was removed intervals 
time extending from hours 984 
hours. 

Data from the test are plotted Fig- 
ure function weight loss 
versus hours exposure. Corrosion 
was fairly linear with time about 
hours. The rate then increased and 
again assumed relationship 
from about 140 hours 984 hours. 
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Figure 5—Apparatus for determination carbon dioxide the evolution method using solid absorbents. 


These data indicate that extrapolation 
the results 72-hour corrosion tests 
longer exposure times requires weight- 
ing the calculated corrosion data. 
more severe corrosion rate may pre- 
dicted after 100 plus hours under con- 
ditions comparable those these 
particular tests. 

significant that the corrosion 
rate did not lessen with increased time 
for the system containing constant con- 
centration dissolved free carbon di- 
oxide and other 
tents either dissolved gases mineral 
salts. actual injection-water sys- 
tem, the rate corrosion would not 
expected linear that indi- 
cated Figure 

One the factors used converting 
weight loss average penetration 
inches (or mils) per year the dura- 
tion the test time units. The graph 
Figure indicates that the mpy 
values derived converting weight 
losses from the 72-hour tests should 
weighted appropriate factor 
indicate more severe corrosion. How- 
ever, the source error inherent 
the extrapolation short-range tests 
should much less than that resulting 
from the assumption that weight loss 
may converted average-pene- 
tration value and this value used 
predict pipe failure. Much the corro- 
sion caused dissolved gases 
ized rather than uniform. The pitting 
oxygen corrosion and the hydrogen- 
blister formation hydrogen sulfide 
corrosion may 
severe compared weight-loss 
measurements. Although average-pene- 
tration values are convenient method 
reporting corrosion results, should 
remembered that pipe failure may 
occur much more rapidly than indi- 
cated average-penetration values cal- 
culated from weight-loss rates. Predict- 
ing pipe failure average penetra- 
tion value presupposes that corrosion 
uniform throughout the entire length 
pipe. This, course, not true be- 
cause localized corrosion. 


Quantitative Determination Free 
Carbon Dioxide the Presence 
Hydrogen Sulfide 

titrimetric method* determining 
free carbon dioxide aqueous solution 
was used earlier tests when varied 


ratios free carbon dioxide and oxy- 
gen were used the corrodents. When 
appreciable concentrations hydrogen 
sulfide were present, however, the buf- 
fering action the sulfide invalidated 
the results the carbon dioxide deter- 
mination. Therefore, solid absorbent 
was used for quantitatively determining 
carbon dioxide the presence hy- 
flow diagram the apparatus used for 
this purpose. 

100-ml sample the solution was 
introduced into Erlenmeyer flask 
from external container through 
glass tube. sulfuric acid-copper sul- 
fate solution inactivate hydrogen sul- 
fide was introduced into the flask from 
buret with Drierite absorber sec- 
tion the top. The sample then was 
heated boiling while reduced pres- 
sure was maintained the outlet end 
the absorption train. The evolved gas 
passed first through reflux condenser 
and then through the first U-tube con- 
taining copper sulfate remove any 
hydrogen sulfide not inactivated the 
flask. The gas then passed into scrub- 
bing bottle, containing sulfuric acid 
remove water vapor. The gas flow was 
regulated controlled partial vac- 
uum that the gas bubbles escaped 
into and rose through the hydrogen 
sulfide scrubber slow rate. 

The gas next passed into second 
U-tube containing magnesium perchlo- 
rate used drying agent and then 
into the previously weighed U-tube 
shown Figure The absorbent 
tube contained indicating Ascarite (as- 
bestos impregnated with sodium hydrox- 
ide) and magnesium perchlorate used 
protect the absorbent tube against 
contamination from any backflow 
gases. Carbon dioxide was absorbed 
the center U-tube according the reac- 
The quantity carbon dioxide 
absorbed was determined weighing 
and was converted carbon dioxide 
parts per million. Heating was contin- 
ued for arbitrarily predetermined 
time (about minutes) indicated 
preliminary tests give 
weight the absorbent U-tube. The 
method was calculated accurate 
and reproducible within about per- 
cent concentrations carbon dioxide 
the order ppm. 
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Conclusions 
The following conclusions are drawn 
from the data presented this paper: 


caused oxygen and 
free carbon dioxide dissolved distilled 
water increases almost direct propor- 
tion increases the concentration 
dissolved oxygen. 


2.On the basis results described 
herein, the greatest potential corrosion 
water-injection system may ex- 
pected from water saturated with air 
and containing high concentrations 
dissolved free carbon dioxide. 


The inhibiting action exhibited 
hydrogen sulfide the formation 
protective coatings complex sulfides 
manifested almost throughout the en- 
tire range carbon dioxide-hydrogen sul- 


fide ratios and even greater than with 
hydrogen sulfide alone. The behavior 
hydrogen sulfide corrosion not com- 
pletely predictable from available data. 


Application the data presented 
herein field conditions should 
weighted indicate more severe cor- 
rosion rate with the substitution 
brine for distilled water, the presence 
galvanic potentials, and the probabil- 
ity pipe equipment failure because 
severe localized corrosion. The re- 
sults reported herein probably should 
regarded representing minimum 
corrosive conditions. 


Further research corrosion 
the 
system warranted permit better 
understanding the significant physi- 


Any discussions this article not published above 


will appear the December, 1958 issue 


ENGINEERS Vol. 


cal and chemical factors involved, es- 
pecially high concentrations hy- 
drogen sulfide. 
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Mechanism Inhibiting Effect Hydrofluoric Acid 
Fuming Nitric Acid Liquid-Phase Corrosion 
Aluminum and Steel Alloys* 


PREVIOUS the in- 

hibiting effect the cor- 
rosion aluminum and iron both 
liquid- and gas-phase nitric acid was 
discussed. analyzing the coatings 
the metal evidence 
that the passivating process probably 
was due the formation metallic 
fluoride precipitate the surface the 
metal, making more impervious 
corrosive attack fuming nitric acid. 
This paper presents some additional ex- 
perimental data substantiating this me- 
chanism the case liquid-phase at- 
tack metals fuming nitric acid. 
These studies are limited acid 
composition richest and yet 
thermally although passivation 
has been found effective over 
wide range 

The over-all liquid-phase corrosion 
process the case aluminum and 
iron alloys fuming nitric acid has 
been shown proceed accordance 
with: 


where represents the metal whose 
valence the oxidized state The 
presence the liquid phase per- 
mits the formation insoluble fluorides 
interaction with the metal ions pro- 
duced corrosion. Measurements 
the solubility aluminum nitrate, alum- 
inum fluoride, iron fluoride, chromium 
fluoride, fluoride fuming 
nitric acid were made function 
temperature for use interpreting ob- 
served cases corrosion inhibition. 
The question arises whether 
not the entire solution need saturated 
with the fluoride before passivation 
effective for storage ambient tempera- 
tures the order months. The ratio 
surface metal volume liquid 
would importance were neces- 
sary that the solution saturated with 
respect the fluoride. The fact that 
effective passivation depends condi- 
tions saturation was established 
correlating the extent corrosion which 
had taken place before passivation with 
the solubility data for the particular 
metal fluoride. Also uni-dimensional 
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©Throughout this report results pertain to 
fuming nitric acid (the ternary system 
HNO3-NO:2-H20O) of the particular composi- 
tion 14 wt percent NOz and 3 wt percent 
H.O. In this composition range the acid is 
thermally very stable. 


diffusion experiments measuring the con- 
centration metal ion products cor- 
rosion function time and dis- 
tance from the metal gave confirmatory 
evidence the solubility mechanism 
passivation. 


Experimental Procedure 


Solubility Measurements 


Solubility data for various commercially 
obtained solid compounds were deter- 
mined saturating the liquid sample 
fuming nitric acid with the particular 
solid and analyzing the liquid phase 
for the concentration metallic species 
together with the concentration fluo- 
ride when present. 
solid products actually formed the 
corrosion process was checked also. 

The acid samples were contained 
polyethylene bottles immersed con- 
stant-temperature bath for hours. 
facilitate attainment equilibrium, agi- 
tation was maintained means 
magnetically driven, Teflon-covered iron 
pellet. 


Corrosion Measurements 

The passivating process was followed 
several cases continuously deter- 
mining the extent corrosion the 
metal measuring the electrical resist- 
ance tube the particular metal 
interest immersed the acid 
function time.* 

coatings was determined exposing 
strips metal with relatively large 
area volume liquid, the passivating 
coatings formed being removed 
abrasion and analyzed chemically. Also, 
the effect concentration hydro- 
fluoric acid (HF) the effectiveness 
passivation was determined with strips 
metal, the extent corrosion 
given time being determined 
weight loss method. 


Analytical Procedures 


The metals and fluoride FNA 
solution were 
cally using the Beckman spectro- 
photometer. The iron was detected 
ortho-phenanthroline and aluminum with 
eriochrome cyanine. The chromium was 
analyzed potassium hydroxide solu- 
tion, the nickel was determined with 
dimethyl glyoxime while the fluorine was 
determined with alizarin sodium sulfonate- 


Results 
Solubility Measurements 
Aluminum compounds. The aluminum 


and iron corrosion products for these 
measurements were obtained by react- 


Abstract 
The inhibiting effect hydrofluoric 
acid in fuming nitric acid on the liquid- 
phase corrosion of aluminum alloys and 
iron alloys found dependent 
primarily on the formation of a tena- 
cious insoluble fluoride compound of 
aluminum or iron, respectively, on the 
surface the metal. This mechanism 
is discussed in relation to: (1) solu- 
bility data for several pertinent com- 
pounds, (2) analysis of passivating 
coating on metal samples, and (3) cor- 
relation of solubility data with extent 
of corrosion of metal. The role diffusion 
plays in the passivation process is dis- 
cussed briefly. Most the measure- 
ments were made using fuming nitric 
acid containing 14 wt percent NOs and 
3 wt percent H20O, acid of this com- 


position being thermally very stable. 
3.8.3 


ing the commercially pure metal with 
FNA until saturation the acid with 
metal salts was accomplished. The re- 
maining FNA boiled off and fresh 
acid composition percent and 
percent (balance was added 
mixture. The solution was brought 
the temperature indicated Table 
and sample was analyzed for the 
amount metal solution the acid. 


solution with the solid 
formed situ corrosion pure alumi- 
num shown function tempera- 
ture Table and Figure Shown 
for comparison the concentration 
iron solution FNA formed 


similarly. evident that the solubility 
the iron FNA much less affected 
tempertaure than the solubility 
the aluminum. The precipitated solid 
phases were not identified although hy- 
aluminum 


drated nitrate probably 
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Figure 1—Concentration of Al or Fe in fuming nitric 
acid solution saturated with metal nitrate. 
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COMMERCIAL ALUMINUM FLUORIDE 
SATURATED SOLUTION OF ALUMINIUM 
NITRATE TO WHICH HF IS ADDED 
AND EQUILIBRIUM ESTABLISHED 
WITH SOLIO FORMED IN SITU 
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Figure 2—Concentration of Al and F in fuming nitric 
acid saturated with = -fluoride compound at 
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Figure 3—Concentration the various metallic ions 
and fluoride in fuming nitric acid saturated with 
corresponding metal-fluoride compound. 


Fuming Nitric Acid Solution Saturated with 


Metal 


Temperature (Wt. Percent) 
(Degrees C) | Al ‘ Fe 
0.037 2.0 
15 0.057 2.0 
0.087 2.0 


the equilibrium solid phase the case 
aluminum and either hydrated fer- 
rous ferric nitrate the case iron. 
There that the ferrous state 
iron stabilized the fluoride. 


The nature both the aluminum and 
iron salts formed FNA without 
such that tenacious, impervious coat- 
ing not produced the metal sur- 
face, and thus uniform passivation due 
the formation these salts not 
observed. With aluminum, due the 
relatively low solubility the aluminum 
salt, coating appears the metal with 
corrosion, and corresponding retarda- 
tion over-all corrosion rate noted 
with time. However, the metal sus- 
ceptible localized attack since the 
aluminum compound not tenacious 
impermeable. the case iron alloys 
with low alloy content, due the very 
high solubility the iron salt, corrosion 

The concentration dissolved alumi- 
num the presence various concen- 
Figure These data were obtained 
liquid-phase fuming nitric acid satu- 
rated with respect aluminum corro- 
sion product Also included 
this figure solubility measurement 
made Baker and Adamson’s 
reagent-grade aluminum 
Table and Figure the solubility 
this Baker and Adamson’s reagent-grade 
aluminum fluoride shown function 
temperture. The interesting behavior 
upon adding acid saturated with 
(see Figure that the aluminum 
concentration decreases rapidly from 
0.075 percent about 0.01 (at 0.15 
percent and then rises con- 
stant value about 0.03 percent (at 
1.0 percent and greater). This re- 
producible behavior has not been ex- 
plained although may due varia- 
tion composition the solid-phase, 
depending the amount present. 
noteworthy connection with 
passivation that the presence 
markedly reduces the solubility alu- 
minum (see Figure 2). Under the con- 
ditions the experiments the precipi- 
tate formed was composed very fine 
particles, whereas the aluminum nitrate 
formed the absence was com- 
posed large crystals. The role the 
physical structure the precipitates 
leading passivation needs 
studied. The large 
crystals formed the FNA that does 
not contain also can present prob- 
lems propellant handling clogging 
filters used acid transfer equipment. 
Such crystals are likely form when 
manufactured FNA without 


8 2 Fu uming nitric acid containing initially 14.0 wt. 
percent NOz, and 3.0 wt. percent H2O. The remainder 
is HNOs. 


“Manufactured by Baker and Adamson Com- 
pany, Allied Chemical and Dye Corp., New 
York, New York, 


TABLE 2—Concentration Various Metallic lons and Fluoride Fuming Nitric Acid 


Saturated with Corresponding Metal-Fluoride Compound 


} Amount of Constituent in Solution at Equilibrium 


(Wt. Percent) 


Temperature (Degrees Fluoride 


Fluoride* Fluoride Fluoride 
0.130 0.023 0.060 0.14 2.0 
095 0.130 0.051 0.087 0.16 1.8 


0.045 


® Prepared i in the laboratory; all other compounds are commercially s av ailable. 
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been stored aluminum containers for 
periods weeks. 

The atomic ratio fluorine alu- 
minum found the liquid-phase fuming 
nitric acid saturated with respect the 
aluminum-fluoride compound about 
Table 3). This atomic ratio suggests 
that some complex such 
present solution. 


Iron compounds. The concentration 
iron equilibrium with the solid phase 
formed situ corrosion pure iron 
fuming nitric acid shown Figure 
and Table seen that for this 
solid compound equilibrium 
with the solution, percent 
must solution. Such concentra- 
tion represents large extent corro- 
sion metal for storage conditions 
where large volume liquid-to-metal 
surface ratio exists. Also, from visual 
observation was found that the pre- 
cipitate consists large crystals which 
are not conducive the formation 
tenacious, adherent protective coating 
the metal. 

The solubility the less soluble iron- 
fluoride compound shown Figure 
and Table The compound was pre- 
pared adding FNA, saturated 
with respect iron. The wet precipi- 
tate was separated from the solution and 
allowed saturate fresh sample 
fuming nitric acid. The solid phase 
equilibrium was analyzed for iron and 
fluorine, and the resulting analysis 
showed the compound have fluorine- 
to-iron atomic ratio suggesting 
the existence complex fluoride 
iron solution was found for alu- 
minum. Figure shown the effect 
FNA liquid phase saturated with the 
iron fluoride compound. seen that 
the solubility iron fluoride decreases 
continuously with the fluoride content 
the FNA and reaches minimum 
value about 0.013 percent 0.5 


Chromium and nickel compounds. The 
respectively, FNA contact with 
samples the fluorides Baker 
and Adamson’s technical grade, and 
Fisher’s reagent 
shown Figure and Table 

The solution contact with these 
fluorides found have high atomic 
ratio fluorine metal shown 
Table suggesting again the presence 
complexes between the metal and 
fluoride. 


Corrosion Measurements 
1, 2,3 


Previous showing 
the possible relationship between insolu- 
ble fluoride compounds formed the 
surface metal and the inhibition 
the corrosion processes steel and alu- 
minum alloys FNA have been made. 
The following analytical 
©) Manufactured by Fisher Scientific Company, 

Pittsburgh, Pa. 

TABLE Ratio Fluorine Metal 
Solution Fuming Nitric Acid Saturated 


with Metal-Fluoride Compound from 


Fluorine /Metal 


Compound Atomic Ratio 
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data were obtained determine the 
chemical composition the 
passivating fluoride coatings. 


Aluminum alloys. From measurements 

olubility mechanism has been indirectly 
The coating the surface 
nitric acid containing from 0.1 
percent has been removed 
eraser, analyzed, and found ap- 
arently have the general formula: 
one corrosion test 
made tube whose resistance 
measured with time determine 
extent corrosion with time, was 
that the rate corrosion de- 
reased steadily with time finally 
pproached zero after two weeks. An- 
lyses these equilibrium solutions 
ave aluminum-to-fluorine ratio 

seen Figure with increase 
above about 0.4 percent, 
corrosion rate observed 
the case aluminum, making 
‘ood practice keep the concen- 
ration near this value inhibited FNA. 
\lso the corrosion fresh aluminum 
surface found greatly reduced 
solution saturated with the passivat- 
compound. This fact together with 
similarity between the shape the 
curve Figure and the cor- 
rosion curve Figure suggests fur- 
ther that solubility plays significant 
role the inhibition process. 


Iron alloys. From corrosion studies 
with iron alloys 4130 Cr), 
410 (12 percent Cr), and 347 (18 per- 
cent Cr, percent Ni), the solubility 
been further tested. From analysis 
the coating these alloys, appears 
that the main constituent iron 
fluoride admixed with FeO 
addition, with alloy 4130 about 
found the coating. With alloy 410 
about percent found, and 347, 
percent and percent are 
That and fluorides play 
role the passivation process borne 
out the fact that the ease passiva- 
tion increases with increase alloy 
content. Passivation iron alloys con- 
more marginal and very sensitive 
environmental 

the FNA solution initially sat- 
urated with respect compounds com- 
prising the coating iron alloy such 
347, the total extent corrosion 
reduced. With steel 347 the cor- 
rosion rate decreases continuously with 
HF, and then increases very slightly 
with increase shown Figure 
Again the similarity between the solu- 
bility curve Figure and the corro- 
sion curve Figure suggests that 
solubility mechanism probably 
volved the passivation process. 


Diffusion Measurements 


_The effects diffusion the pas- 
Sivation process for the case uni- 


THE INHIBITING EFFECT LIQUID-PHASE CORROSION ALUMINUM AND STEEL ALLOYS 


Fe IN SOLUTION (wt%) 


0.5 0.6 or 


0,3 04 
F IN SOLUTION (wt%) 


Figure 4—Concentration and fuming nitric 
acid saturated with solid aluminum-fluoride com- 
pound at 25 C. 


dimensional diffusion were briefly studied 
measuring the concentration metal 
dissolved given time function 
distance from the metal surface. 
disc metal was placed snugly against 
circumferential shoulder near one end 
Teflon tube inner diam- 
eter, and both ends were equipped with 
tapered Teflon plugs. The tubes were 
kept pressure-tight inserting them 
rack and putting both plugs under 
compression. Each the tubes, com- 
pletely filled with fuming nitric acid, 
was immersed horizontal position 
constant-temperature bath. After 
one week, the tube with its contents was 
carefully removed from the bath and 
immersed liquid nitrogen, keeping the 
tube horizontal throughout. The tube 
and its frozen contents were then broken 
into sections scribe marks made 
definite distances from the metal disc, 
and the dissolved metal within each sec- 
tion was determined analytically. 


these experiments, was found 
that the passivation process markedly 
decreases the apparent rate diffusion. 
one case where was not present, 
was found well distributed through- 
out the six-inch-long tube after one 
week 130 the corresponding 
case with HF, where passivation occurs, 
the dissolved aluminum was found 
measurable amounts only distance 
one inch from the metal disc. That 
the passivating coating can cause local 
retardation the rate corrosion and 
therefore reduce the distance diffusion 
metallic ions suggests that for short 
periods time not necessary for 
the solution saturated for effective 
retardation corrosion rate. However, 
course, ensure permanent passiva- 
tion over long periods time the solu- 
tion must completely saturated with 
aluminum fluorides. The actual quantita- 
tive aspects the role diffusion may 
play slowing down the corrosion rate 
were not defined this experiment and 
should further investigated. 


Conclusions 
result these studies, passiva- 
tion the corrosion metals 


Any discussions this article not published above 


will appear the December, 1958 issue 


EXTENT OF CORROSION (mils) 


O48 O8 10 12 
HYDROFLUORIC (wi%) 


Figure 5—Effect concentration extent 
corrosion steel 347 130 for 
jays. 


mechanism has been indicated. has 
been shown that minimize the extent 
corrosion before passivation, both the 
dissolved metal species well fluo- 
ride should present the fuming 
nitric acid. The detailed steps the 
mechanism the passivation process 
remain systematically investigated. 
The apparent chemical formulas the 
passivating from the 
metal have been determined. 
Their precise structure physical 
nature should established X-ray 
diffraction, grain size, and 
ness measurements order give 
fundamental information for better 
understanding passivation. The role 
diffusion adsorption plays the 
long-term effectiveness the passiva- 
tion, particularly the case low alloy 
steels, should studied more detail. 
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Coal Tar Creosote 


Part 2—An Evaluation Certain Fractions 


For Their Resistance Marine Borer Attack 


Introduction 
OODEN 

merged coastal waters, are subject 
attack certain crustacea and mollusca- 
marine borers. These pests have plagued 
man since antiquity, and the cost 
their depredations runs into millions 
dollars annually. 
and physiological studies marine 
borers subsequently may point the way 
more subtle method for their con- 
trol, the two methods general use 
today are armoring the wood and 
impregnation the wood with preserva- 
tives. The most widely 
tives are coal tar creosote and solutions 
creosote and coal tar. 

The creosote general use the 
wood-preserving industry today 
distillate the tar produced from the 
high-temperature carbonization bitu- 
minous coal with distillation range 
plex mixture hvdrocarbons, phenols, 
amines, and other classes compounds 
containing sulfur and nonacidic oxygen. 
Why this complex mixture chemical 
compounds known should 
and which constituent class com- 
pounds individuals make major con- 
tributions effectiveness still 
obscure. Ramage and found that 
inch inch inch panels which 
had been treated with creosote freed 
low boiling tar acids (phenols) stood 
well when exposed marine borer 
attack. 

Creosote containing high percentages 
light oils tar acids were found 
whole creosote. also found that the 
higher boiling creosotes 
fractions were among the most effective 
tested. 

Becker and impregnated 
2.5 1.5 pine blocks with 
ranges and, after elaborate weather- 
ing the treated blocks, hung them in- 
sea water. number were 
then introduced and from the number 
surviving animals and the degree attack 
the panels the efficacy the various 
fractions was determined. These workers 
found that fractions boiling 240 


% Submitted for publication August 1, 1957. 
Part 1 of this series appeared in Corrosion, 
14, (1958) June. 
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boiling constituents those 
boiling range 200-300 were most effec- 
tive and those within the range 300- 
least effective. 

The present communication contains 
the results evaluation several 
creosote fractions for their ability 
resist marine borer attack. 


Preparation Materials 
Creosote 
The creosote used this investigation 
was taken from large stock reserved 
for present and future Navy research. 


medium residue creosote and 
meets the AWPA Standard 


Creosote Fractionation 


Removal tar acids: One hundred 
grams creosote were dissolved 
150 benzene and the solution ex- 
tracted with four successive portions 
Claisen alkali. The Claisen alkali was 
prepared dissolving 350 potas- 
sium hydroxide 250 water and 
bringing the total volume 1000 
with methanol. After extraction the re- 
sidual benzene solution was washed well 
with water and the solvent removed 
distillation. The quantity tar acids 
removed from creosote extraction 
with Claisen alkali has been shown 
twice that that can removed 
extraction with aqueous 


Removal tar bases: solution 
creosote benzene described above 
was extracted successively with four 
100 portions percent hydro- 
chloric acid. The residual solution was 
washed with water until free acid 
and the solvent removed distillation. 


Removal tar acids and tar bases: 
The tar acids were removed from the 
creosote first described above. The 
residual benzene solution was then treated 
with hydrochloric acid described for 
the removal the tar bases. 


Treatment with petroleum ether: One- 
third volume petroleum ether (boil- 
ing point was slowly added 
with stirring creosote and the pre- 
cipitated solid was removed filtration. 
The solvent was removed from the fil- 
trate distillation yield what this 
paper termed “solids-free creosote.” 
obtain the so-called “petroleum ether 
soluble fraction” 
ether was added the filtrate from the 
above filtration and the solution allowed 
stand overnight. The clear, light yel- 
low, supernatant liquid was then de- 
canted from the precipitated tar and the 
solvent removed distillation. The 


Abstract 
study was made the effect 
certain creosote fractions in preventing 
attack of wood by marine borers. Pine 
panels used in tests were impregnated 
with creosote over a range of 5 to 20 
pounds per cubic foot and with fraction 
equivalents of 10 to 15 pounds per cubic 
foot. Tests were made determine both 
initial borer resistance and long-term 
protective ability of cresote fractions. 
Data given include the relative perform- 
ance rating compared to whole creo- 
sote of base-free creosote, acid-free creo- 
sote acid-and base-free creosote, 
solids-free creosote, tar-free creosote, 
petroleum creosote, dis- 
tillation-residue-depleted creosote, distil- 
lation residue, acid-free petroleum-ether- 
soluble-creosote, and six distillation- 
fraction-depleted creosotes. 3.3.3 


product amber fluid, much less 
viscous than creosote, and leaves wood 
with clean, attractive appearance after 
impregnation. obtain the so-called 
“tar-free creosote” the precipitated 
solids were added the petroleum 
ether-soluble creosote. 


Distillation: Creosote distilled 
through saddle-packed heated column, 
long and 1.8 inside diameter, 
fitted with heated total reflux head and 
fraction collector. For distillation the 
stillpot was charged with about 1500 
creosote. was found highly desir- 
able seal the column the stillpot 
for distillations under reduced pressure. 
Small leaks, which developed when 
ground glass joints were used, caused 
excessive sublimation. summary the 
distillation results given Table 
summary the creosote fractions 
and their percentage whole creosote 


Preparation panels: Clear, edge 
grain, sapwood (benzidine test) south- 
were used for this study. Panels were 
dried constant 105 before 
impregnation. Weight tolerances were 
established 8.25 0.75 gm. Panels 
were impregnated submerging them 
ordinary hydrogenation bomb and 
applying the desired pressure the 
admission nitrogen. After impregna- 
tion the panels were allowed 
constant weight desiccator. 


Panel Exposure and Evaluation 


The method for evaluating creosote 
fractions which described the fol- 
low paragraphs precursor the one 
currently use and which described 
detail 

Panels were prepared and exposed 
four groups six sets each. Each 
group contained duplicate sets panels 
prepared from whole creosote and dup- 
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licate sets for each two creosote frac- 
tions. Each whole creosote set consisted 
panels which were impregnated 
over range pcf (pounds per 

ubic foot). Each fraction set consisted 
panels impregnated over range 
pef whole creosote. This was 
because was deemed desirable 
fraction with its equivalent 
eight whole creosote rather than 
ual weight. attempt was made 
the degree impregnation evenly 
the selected ranges. 

Two procedures were used the 

aluation each creosote fraction. 

ne, determine the initial borer re- 
stance fraction relative whole 
eosote, consisted exposing frac- 
and creosote-treated set 
nels simultaneously marine borer 
tack for given time and measuring 

damage sustained each. The 

‘her procedure was similar except that 

‘fore sets were subjected 

leaching hot water (80 for 

The latter treatment was at- 

mpt assess the permanence, long- 

length time without hav- 

the leaching weathering com- 
licated the superimposition ma- 
borer attack. 

The leaching was accomplished 

stainless steel, heated tank 

hich could accommodate about 200 

anels. The tank was equipped each 
with thermo-regulators which were 
apable maintaining continuous 
tream fresh water the desired 
The leached and unleached 
sets panels were exposed the sea 
simultaneously. During exposure the 
panels were scraped free fouling bi- 
weekly and inspected 
monthly. When all the panels 
whole creosote set had sustained 
attack least that set along with 
its corresponding fraction sets was re- 
moved from exposure. 

Creosote fractions were evaluated 
the basis their ability impart 
the wooden panels resistance marine 
borer attack. Damage, measured 
scale from (no attack) (very 
heavy attack), was related the actual 
number borings and was expressed 
numerically the sum the Limnoria 
attack (L) plus twice the Teredo attack 
(T), The Teredo attack was 
doubled order compensate for the 
large surface-to-volume ratio the 
panels. Because the yearly and sea- 
sonal fluctuation marine borer activity 
the exposure area, absolute measure- 
attack are impossible and hence 
all attack ratings are con- 
verted performance rating relative 
whole creosote. 


Attack ratings individual panels 
formance rating for the set follows. 
was first established that, over the 
range impregnation investigated, 
vas sufficiently accurate express at- 


| Temperature | Pressure 

raction | (Degrees C) | (mm Hg) 
130-160 15 
| > 210 15 
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tack linear function retention. 
this basis, the constants (slope) 
and (intercept) the equation 
expressing linear relationship 
between the intensity marine borer 
attack, and the concentration 
preservative the panels, were cal- 
culated the method least squares 
from the data for each set panels. 
The intensity attack, mentioned 
previously, expressed 2T; con- 
centration preservative expressed 
terms whole creosote equivalent 
the actual quantity fraction impreg- 
nated. Because the damage the mid- 
point the retention 
(12.5 proportional the area 
under the curve, the performances 
fractions and whole creosote were com- 
pared this point. The attack rating 
for fraction this point 
culated from the appropriate derived 
equation and this rating was then con- 
verted performance rating through 
the expression: 


attack whole creosote 
attack fraction 


100 


performance rating. 


each fraction, permanence rating was 
obtained through the expression: 


performance rating (leached) 


100 
performance rating (unleached) 


permanence rating. 


The permanence rating indicates noth- 
ing the extent attack but does 
indicate how well fraction stands 
the deleterious effect leaching re- 
lative whole creosote. 

Impregnation with the distillation res- 
idue posed special problem and em- 
phasized the need abandon the prac- 
tice impregnating panels with creo- 
sote fractions the creosote equivalent 
basis. With fractions that constitute 
large percentage whole creosote 
not difficult obtain range im- 
whole creosote; with small fractions, 
however, the difficulties are considerable. 
For example, fraction consisting 
percent whole creosote would have 
would amount range all for 
practical exposure work. For this rea- 
son panels were impregnated with the 
distillation residue pound for 


pound basis; that is, actual level 
whole creosote. obtain the rating 
the distillation residue, therefore, the 
ratio the attack 12.5 pcf creo- 
sote the attack 4.4 pcf residue 
(12.5 creosote equivalent) was deter- 
mined from the appropriate equations. 
The attack 4.4 residue is, 
course, value obtained extrapola- 
tion. The performance and permanence 
ratings for the various fractions are 
shown Table 


Discussion Results 
Because the large variation inher- 
ent biological measurements small 
difference the performance rating 
fraction relative creosote prob- 
ably little significance. However, some 
results stand out Table 


The removal the tar acids gives 
superior product. This was also indi- 
cated earlier experiments (not re- 
ported) and supports the finding Mac- 
Lean that the fortification creosote 
with tar acids gave inferior product. 
Even after leaching 
creosote appears good whole 
creosote. The low permanence rating 
reflection the excellent performance 
the unleached material. The beneficial 
effect removing tar acids also ex- 
hibited the performance the pe- 
troleum ether soluble fraction with acids 
removed. 


The removal the tar bases and 
both tar bases and acids gave products 
that performed somewhat better than 
creosote before leaching. However, like 
the acid-free creosote, they did not hold 
leaching very well and the poor 
permanence rating these fractions 
may indicate that the tar acids and 
bases contribute, some way, the 
ability creosote resist leaching from 
wood. 

The petroleum ether soluble fraction 
creosote performed somewhat better 
than whole creosote, especially after 
leaching. This creditable performance 
coupled with its ease handling and 
its ability leave wood clean and at- 
tractive after impregnation may have 
commercial significance. 


can seen from Table that cre- 
osote with the distillation 
moved gave poor performance. How- 
ever, since the residue alone also gave 
poor performance, not likely that 
removing residue from creosote removed 
any highly toxic material but rather de- 


TABLE 2—Comparison the Performances the Various Creosote Fractions 


RATING* 
Performance 
Percent 
| of Whole Not 
FRACTION Creosote Leached Leached Permanence 
Base-free creosote........ ae 96.5 | 141 74 53 
Acid-free creosote......... 94.4 | 300 | 95 32 
Acid-and base-free 91.9 140 103 
Solids-free creosote.............. 92.6 121 136 112 
Tar-free creosote....... 91.1 | 91 117 129 
Petroleum ether-soluble creosote. .......... 83.7 117 141 | 121 
Distillation-fraction-2-depleted creosote......... | 80.1 | 85 68 81 
Distillation-fraction-3-depleted creosote....... .| 93.2 | 167 100 60 
Distillation-fraction-4-depleted creosote....... si 92.7 105 84 81 
Distillation-fraction-5-depleted creosote......... | 91.8 90 88 98 
Distillation-fraction-6-depleted creosote......... } 84.5 63 60 95 
Petroleum-ether-soluble-creosote, acid 79.4 130 103 


* Relative to whole creosote taken as 100. 
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creased the ability the creosote 
remain the wood. This view sup- 
ported the very high permanence 
rating the distillation residue. 
Distillation fraction also seems 
make distinct contribution the ef- 
fectiveness creosote seen the 
inferior performance the distillation- 
fraction-6-depleted creosote. The re- 
moval distillation fraction from 
creosote yields product which ap- 
parently superior creosote. This 
surprising and unexpected and ex- 
planation offered the present time. 
the basis the pattern the 
leaching whole creosote from 
which course may not exactly 
comparable that for the fraction-de- 
pleted creosotes, leached panels would 
expected have lost all distilla- 
tion fractions and most and 
distillation residue. This would mean 
that, the case the leached panels, 
only distillation fractions residue, 
and lesser extent, fraction could 


Any discussions this article not published above 


present furnish protection. With 
creosote depleted one these frac- 
tions distillation, the remaining ones 
would responsible for any protection. 
Since the residue alone offers rather 
low order protection unleached 
wood but, the other hand, neces- 
sary the efficient action whole 
creosote shown the poor perform- 
ance residue-depleted creosote (Table 
2), there strong indication that dis- 
tillation fractions and may 
providing large measure the tox- 
icity and that the residue (and some 
extent fraction may providing the 
means holding these fractions the 
wood. Additional experiments panels 
impregnated with the individual distilla- 
tion fractions also have indicated that 
fractions and make the largest con- 
tribution the protective action af- 
forded creosote. hoped that 
these results can reported detail 
the near future. 


mentioned, distillation 
fractions and would expected 


will appear the December, 1958 issue 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Vol. 


completely removed from the wooden 
panels the leaching process, might 
anticipated that panel sets impreg 
nated with whole creosote, distillation 
fraction-2-depleted, distillation frac- 
tion-3-depleted creosotes would all ex- 
hibit similar resistance marine 
attack after leaching. That this was not 
the case with fraction-2-depleted creo- 
sote may reflection the limita- 
tions the bioassay procedure may 
due the possibility that fraction-2- 
depleted creosote does not respond 
leaching manner similar whole 
creosote. 
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Minimum Current Requirement Solution Elusive 


Views 
Weighed Again 
T-2C Unit 


Intensive and lengthy discussions 
major problem facing Technical Unit 
‘ommittee T-2C Minimum Current 
(Pipe Line Corrosion), 
eflected report the committee 
held San Francisco March 

1958. 

Principal problem the committee 
onstitutes minimum requirements for 
protection buried pipe lines. 
Chairman Ray Wainwright, Good- 
\ll Electric Mfg. Co. explained that 
esponse request for written re- 
this subject, three proposals 
iad been received. 

Following the reading the reports 
Mr. Wainright, variety prob- 
the subject stating minimum 
current requirements was discussed 
several present. Questions concerning 
coated pipe, bare pipe and the problem 
whether “immediate proximity” 
should interpreted electrically 
otherwise the placing measuring 
cell obtain criteria were brought up. 
Many other points were considered. 


Statement Needed 


One person present inquired whether 
the statement criteria minimum 
requirements would for the benefit 
the corrosion engineer for benefit 
management. was pointed out that 
such statement would represent the 
combined thinking group people 
who daily are faced with the problem; 
would help the corrosion engineer and 
would give management some idea 
what might reasonably expected 
the corrosion engineer. Chairman Wain- 
wright pointed out that such state- 
ment cathodic protection very 
much needed avoid the possibility 
some other and possibly less qualified 
persons undertake set false criteria 
and broadcast erroneous statements 
the subject. 

Duties the various task groups and 
status their work were explained 
the chairman the beginning the 
meeting. nominating committee was 
appointed select candidates for com- 
mittee offices. special commitee was 
appointed consider the various pro- 
posals received the Committee T-6B 
and formulate them into statement 
submitted membership for ap- 
proval. 


Committees Appointed 


Members appointed the nominating 
committee are Sudrabin, Electro 
Rust-Proofing Corp.; Minor, 
American Telephone Telegraph Co.; 
Stewart, Sun Pipe Line Co., and 
Wainwright. 

The special committee 


Corp.; Bruckner, University 
Illinois; Marshall Parker, consulting 
engineer; Nelson, Shell Pipe Line 
Co. and Peabody, Ebasco Serv- 
ices, Inc. 

detailed report work done 
Task Group T-2C-2 Coupons 
Criteria for Cathodic Protection, was 
presented Harry Keeling, consult- 
ing engineer. Samples coupons used 
test effectiveness corrosion pre- 
ventive measures were shown. 
Schilling, Southern Counties Gas Co. 
had assembled data more than 5000 
coups used his firm. Several points 
concerning the report, especially the 
drawbacks the method were dis- 
cussed Mr. Schilling and others. 


Corrosion Cost Data 
Are Reviewed T-3C 


Unit Committee T-3C Annual 
Losses Due Corrosion heard re- 
view kinds cost data available 
from previous workers the field, fol- 
lowed general discussion ways 
and means for securing reliable cost in- 
formation and utilizing make man- 
agement aware the destructive effects 
corrosion. The committee met San 
Francisco March. 

Coburn, Association Ameri- 
can Railroads, chairman, described 
briefly the purpose the committee. 
then gave brief summary the 
cost data available through the work 
Uhlig, work the American 
Petroleum Institute Tanker Committee 
with report Watkins, the API re- 
finery losses described nine cents 
barrel and more recently the work 
subcommittee which prepared pre- 
liminary report for the Northeast 
Region meeting Pittsburgh, 1957. 

Mr. Coburn said believes report 
industrial purchases corrosion re- 
sistant materials represents the best in- 
formation available. The survey was 
carried out staff members large 
industrial firm capable conducting 
market survey. Results were extrapo- 
lated indicate national costs. 


Waterflood Corrosion Task 
Group Being Formed Now 


subcommittee waterflood cor- 
rosion being formed under Group 
Committee T-1 Corrosion Oil and 
Gas Well Equipment. Greenwell 
has been appointed temporary chairman 
hold organizational meeting. Those 
interested becoming members should 
write Greenwell, Production 
Profits, Inc., 8912 Sovereign Row, 
Dallas, Texas. 

Maps the miles metal pipe, power 
and communication cables underground 
large metropolitan areas are being 
mapped committees affiliated with 
NACE’s T-7 committee. 


Revision Two Pipe 
Coating Reports Made 
T-2H Committee 


brief summary important past 
accomplishments and future plans for 
committee activity occupied members 
Unit Committee T-2H Asphalt 
Type Pipe Coatings meeting San 
Francisco, March 19, during the NACE 
14th Annual Conference. 

Two interim committee reports were 
published the April and May 1957 
issues Corrosion. The first interim 
report, Tentative Recommended Speci- 
fications for Asphalt Type Protective 
Coatings for Underground Pipe Lines— 
Wrapped Systems was discussed for re- 
vision and future publication but ac- 
tion was taken. was carried over 
future business for the committee. 

Revision specifications contained 
another report, Statement Minimum 
Requirements for Protection Buried 
Pipe Lines published October 1956 
were reported the 13th Annual 
Conference, St. Louis 1957. Members, 
voting letter ballot after the 1957 
meeting, approved the revised specifi- 
cations. These approved revisions were 
considered the San Francisco meet- 
ing and minor amendments were made. 

Members Task Group T-2H-4 re- 
ported the committee the group’s 
conclusion that minimum three 
separate specifications would re- 
quired for the most effective coverage 
“Internal Pipe Treatment Specifica- 
tions.” The specifications are: As- 
phalt Protective Coatings for Culvert 
Pipe. Asphalt Protective Coatings 
for Portable Water Pipe. (Dip Method). 
Asphalt Protective Coatings for Pipe 
Lines—Coatings for Interior Surfaces, 
Centrifugally Cast. 

group will formed compile infor- 
mation asphalt testing techniques 
non-technical level. member sug- 
gested information assembled test 
techniques, screening and sampling 
methods, with non-technical explana- 
tion tests and techniques. 


Cincinnati Meeting 
Planned Unit 


meeting Task Group T-5A-6 
Corrosion being planned for Cin- 
cinnati, Ohio, October 15-17. The group 
has two surveys under way, one 
alkalation corrosion and another suit- 
able alloys for use manufacturers. 
addition, the problem involving 
HNO-HF uranium ore recovery 
being investigated. 

report that being favored 
mineral acid chemical processing was 
made the group’s meeting last March 
San Francisco. This meeting was 
held during the 14th Annual Conference. 
Next October’s session will during 
the North Central Region meeting. 
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Correct Mil Thickness 


Applied Within Hours 


Where painted surfaces are exposed 
acids, alkalies, petroleum solvents, 
chemical and abrasive conditions, new 
Tropoxy enamels, Ready-mixed and 
Catalyzed types, offer effective, long- 
lasting protection. 


Their superior resistance chemical 
corrosion makes these epoxy-resin 
coatings ideally suited for hundreds 
“problem” exterior and interior ap- 
plications metal, wood, concrete, 
plaster, brick, cement cinder block. 


Two special formulas, for both moder- 
ate and severe conditions. Quick-cur- 
ing, without sagging wrinkling. Mul- 
tiple coats brush spray can 
applied within hours achieve recom- 
mended 5-mil thickness. 


Protective Coatings for 
Corrosion Problems 


Also investigate our oleoresinous phen- 
olics, rubber-base paints and enamels, 
high-heat (up 1000°) aluminums. 
Take advantage Tropical’s years’ 
experience the formulation spe- 
coatings. 


FREE—Your request brings complete in- 
formation new 


corrosion-resistant 


Tropoxies. Write 
today! 


TROPICAL PAINT CO. 


1142-1258 Cleveland Ohio 


<>, 


Heavy-Duty Maintenance 


SUBSIDIARY 
PARKER RUST 
PROOF COMPANY 


Vol. 


Fruitful Meeting Protective Coatings 
Committee Held 14th Conference 


Hydrogen Sulfide 


discussion whether hydrogen 
sulfide “friend foe” the cor- 
rosion engineer, decision deactivate 
task group and discussion where 
hold committee meetings were main 
features the meeting Unit Com- 
mittee T-1D Sour Oil Well Cor- 
rosion. The meeting was held San 
Francisco, March 19, 1958. 

the subject hydrogen sulfide, 
was pointed out that technical paper 
presented the meeting had said that 
some instances hydrogen sulfide acts 
said thought hydrogen sulfide always 
made corrosion worse, giving 
stance corrosion tubing support 
his position. Other factors, such pres- 
ence oxygen and carbon dioxide 
with hydrogen sulfide were brought up. 

was decided deactivate Task 
Group T-1D-1 Fundamentals Cor- 
rosion after Chairman John Sudbury 
said that participation was very limited. 
The committee decided that the group 
chairman should continue promote 
interest the subject and could present 
any reports can get the committee. 

New officers T-1D are Parke 
Muir, chairman and Jack Collins, vice- 
chairman, who took over the end 
the San Francisco meeting. 

The suggestion was made that the 
committee meet only once year and 
that this meeting held conjunction 
with the South Central Region meeting. 
discussion, was pointed out that 
some members are far removed from 
the South Central Region. 


Comments Production 
Men Sought Plastics 


The suggestion has been made that 
Unit Committee Field 
Structural Plastics ask oil production 
men comment the uses for plas- 
tics the oil fields and define cor- 
plastics can The 
suggestion was made strengthen the 
committee, particularly encourage ac- 
tion those who use plastics, en- 
counter corrosion problems where plas- 
tics can help. 

Possibility coordinating T-1J with 
T-5D Plastic Materials Construc- 
tion was also considered the premise 
the combination would sufficient 
handle the problems both chemical 
and oil industries. was recommended 
this considered both groups. 

indication need for ac- 
cording spokesman, will whether 
not users plastics will attend the 
meeting the committee New Or- 
leans October. Only informal 
meeting was held San Francisco. 


The exhibition scheduled held 
New Orleans October 21-23 during 
the South Central Region’s Conference 
the Roosevelt Hotel will the third 
held the region. 


offer the use private company 
test racks, suggested method pre- 
paring and presenting reports and list 
subjects which data are needed 
are contained the report activities 
Technical Unit Committee T-6B 
Protective Coatings for Resistance 
Atmospheric Corrosion. The subjects 
were discussed session held San 
Francisco, March 19. 

Thirteen guests attending expressed 
interest becoming members the 
committee. was suggested that these 
guests contacted chairmen the 
various groups T-6B. Purpose T-6B 
was explained all present reading 
the concise, written scope the com- 
mittee. 


Reports Standardized 

was decided that information ob- 
tained through efforts members work- 
ing together would made available 
preparation and presentation re- 
ports. Format and method preparing 
the reports would similar that al- 
ready established Unit Committee 
T-6A Organic Coatings and Linings 
for Resistance Chemical Corrosion. 

Offer T-6B any its task groups 
the use test racks Arabia was 
made William Gross Arabian 
American Oil Co. Harry Alderson 
Pacific Gas and Electric Co., also offered 
use his firm’s test racks the 
fornia coast Eureka, pending permis- 
sion the company. 


Task Group Changes 

Among some the task group per- 
sonnel changes discussed were: T-6B-1, 
where Joseph Bigos resigned 
man; T-6B-5 and T-6B-6 found neces- 
sary select new chairman because 
Richardson, Amercoat Corp., accepted 
the chairmanship T-6B-10. Present 
chairmen task groups T-6B-12, 
T-6B-13 and T-6B-14 will stay on. Task 
Group T-6B-15 Silicones was formed 
and Gross accepted the chair- 
manship. 

The suggestion was made that all task 
groups include subjects their work. 
These are: Surface preparation, number 
coats, film thickness mils, drying 
time, application, temperature limita- 
tions during application, thinners, flam- 
mability, compatibility, abrasion, gloss 
retention, petroleum oil resistance, maxi- 
mum temperature limitation, storage 
life, precautions, atmospheric chemical 
resistance, caustic, acid, other; 
formulation differences, type attack, 
service life and decorative value. 

Next meeting the committee was 
planned for October, 1958. 


T-6J Meets June 


Technical Unit Committee T-6J, Los 
Angeles Area, Protective Coating Ap- 
plication Problems scheduled program 
conducted John Richardson, Amer- 
coat Corp. for June meeting 
Rodger Young Auditorium. T-6J has 
adopted policy presenting meet- 
ings, topics pertinent application 
protective coatings and 
problems met this work. The com- 
mittee meets frequently, Also scheduled 
for the June meeting was reading 
minutes other T-6 Committees from 
March. 
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Columbus and Central Ohio Committee 
Corrosion Affiliates With T-7 Group 


Members the Columbus and Central 
Ohio Committee Corrosion have voted 
unanimously affiliate with NACE 
Technical Group Committee T-7B, North 
Central Region Corrosion Coordinating 
Committee. Included with the bid for 
affiliation was the request the Ohio 
group asking how they could contribute 
information other members T-7B. 
Both requests were forwarded 
Erickson, The Peoples Natural Gas 
Co. and Mercer, Southwestern 
Bell Telephone Co., chairman and vice- 
chairman respectively T-7. 


The Columbus and Central Ohio Com- 
mittees Corrosion, according direc- 
tories forwarded them, consists 
corrosion men from companies, repre- 
senting railroads, telephone and tele- 


TECHNICAL 
REPORTS 


CORROSION 
UTILITIES 


T-4B Cell Corrosion Lead 

Sheaths. Third Interim Report of 
Technical Unit Committee T-4B Corrosion 
Cable Sheaths. Compiled Task Group 
T-4B-1 Corrosion Lead and Other 
Metallic Sheaths. Publication No. 56-9. Per 
Copy $.50. 


T-4B-2 Cathodic Protection Cable 
Sheaths. Fourth Interim Report 
Technical Unit Committee T-4B Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 on Cathodic Protection. Publication 
56-13. Per Copy $1.00. 
T-4B-3 Tests and Surveys for Lead Sheathed 
Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical Unit Com- 
mittee T-4B Corrosion Cable Sheaths. 
Publication 54-6. Per Copy $.50. 


Cable Corrosion Protec- 

tion Practices the Utilities In- 
dustry. First Interim Report of Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths, Corrosion, Sept. 54 issue. Publica- 
tion 54-3. Per Copy $1.00. 


T-4B-6 Stray Current Electrolysis. Fifth 

Interim Report of Technical Unit 
Committee T-4B Corrosion Cable 
Sheaths, prepared Task Group T-4B-6 
Stray Current Electrolysis. Publication No. 
57-1. Per Copy $1.00. 


T-4F-1 Progress Report Task Group 
-4F-1 on Water Meter Corrosion. 
Per Copy $.50. 


TP-12 Electrical Grounding Prac- 
tices. Per Copy $.50. 


TP-19 Corrosive Effects Deicing Salts— 

Progress Report Technical 
Practices Committee 19. Corrosion, January, 
1954, issue. NACE members $.50; Non-mem- 
bers per copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
outside the United States, Canada 
an 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


graph, electric distribution systems, pipe 
lines and water distributing systems. The 
directories list the companies which have 
installations cities located coun- 
ties the state. Names and addresses 
individuals for each company are 
given. 

Chairman the Central Ohio Comit- 
tee Patton, district engineer 
charge the distribution facilities for 
the Columbus and Southern Ohio Elec- 
tric Co., Columbus, Ohio. responsi- 
ble for corrosion coordination work for 
his company. graduate electrical 
engineer from the University Cincin- 
nati and formerly was underground engi- 
neer with the Cincinnati Gas and Electric 
Co. and the Columbia Engineering Corp. 
also was employed for years 
the Westinghouse Electric Corp. 
member the and NSPE and 
doing work with the Edison Electric 
Institute, Transmission and Distribution 
Committee. 

Bope, underground engineer, Columbus 
and Southern Ohio Electric Co. 

Chairman NACE Regional T-7B 
Paul Hoy, Dayton Power and Light 
Co. also member the local 
committee the Columbus and Central 
Ohio Committee Corrosion. 

Included frontispiece each direc- 
tory sample notification blank used 
members notify representatives 
other companies and invite their con- 
sultation before work done which 
might affect corrosion their under- 
ground plant. 

North Central Region will hold its 1958 
meeting October 15-17 Cincinnati. 
Fifteen local corrosion control commit- 
tees have affiliated with NACE’s T-7 
committee two years. 


TECHNICAL 
REPORTS 


MARINE COATINGS 


Suggested Coating Specifications 

for Hot Application Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations. Publica- 
tion No. 57-8. Per Copy $.50 


Painting Specifications 

for Marine Coatings. Report 
NACE Technical Unit Committee T-1M 
Corrosion Oil Gas Well Producing Equip- 
ment Offshore Installations. Publication 
No. 57-7. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg.. Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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San Francisco Committee 
Elects New Officers 


The Joint Committee for the Protec- 
tion Underground Structures the 
East Bay Cities, which affiliated 
Unit Committee T-7E, Western 
Corrosion Coordinating Committee 
elected new officers its regular 
nual meeting January 


The following officers were electec 
serve during 1958: Moulthrop 
Pacific Gas Electric Co., 1625 Clay 
Street, Oakland 12, Cal., chairman: 
Leslie Paul, East Bay Municipal Utility 
District, Box 4616, Oakland 
Cal., vice-chairman; Notley, Key 
System Transit Lines, 3493 Hollis 
Oakland Cal., secretary-treasurer. 


More Discussions Aim 
Protective Linings Unit 


Calculated efforts are being made 
officers make meetings Unit Com- 
mittee T-6F Protective Interior Lin- 
ings, Application and Methods, more 
effective forums for exchange infor- 
mation corrosion problems lining 
tanks and equipment. Another principal 
objective those guiding the commit- 
tee ensure that mailing lists con- 
tain only names those actively in- 
terested work the committee. 


Wallace Cathcart, Tank Lining 
Corp., chairman the committee stated 
letter members that future meet- 
ings would minimize administrative de- 
tails and would devote the time dis- 
cussion problems. revise the 
mailing lists, questionnaire was sent 
members and visitors committee 
meetings, asking them signify their 
desire either remain members, 
the case visitors, become mem- 
bers. Failure return the questionnaire 
July 15, will indicate lack interest. 


Marine Borer Group Talks 
About Laboratory Work 


the first official meeting Group 
Committee T-9 Marine Biological 
Deterioration, members heard short dis- 
cussions work being done various 
laboratories the nation. 

Hochman, Sigmund Miller and 
Sweeney discussed briefly the work they 
are doing the marine biological field 


their respective laboratories. Mr- 


Alexander and Mr. Sweeney are with 
the Naval Research Laboratory 
Washington, C.; Mr. Drisko and Mr. 
Hochman are with the United States 
Naval Civil Engineering Laboratories, 
Port Hueneme, Calif. Mr. Miller asso- 
ciated with the University Miami, 
Florida. 


Two papers marine 
mitted May, International 
Nickel Co., Inc., were discussed 
round table session. The papers were: 
Occurrence Marine Borers and Asso- 
ciated Fouling Organisms Wrights- 
ville Beach, North Carolina, Clapp Re- 
port No. 10565, October 20, 1957. The 
other paper was titled Greenheart and 
Manbarklak Marine Samples, 
Clapp Report No. 10528, October 
1957. Miller also described marine 
borer studies which were being con- 
ducted India. 
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New Orleans Technical Program Outlined 


Nineteen Firms Take 
Space Exhibition 


Contracts for exhibition space the 
outh Central Region Conference are 
in. Nineteen firms will show 
wares corrosion engineers 
meeting New Orleans, October 
1958. 

Companies which have contracted for 
xhibition space are: 


Bosely Company 
Carboline Company 
Rectifying Company 
Doré Company 
Dowell, Incorporated 
The Duriron Company 
Fibercast Company 
Odis Galloway Company, Inc. 
Maloney Company 
Metallizing Engineering Company, Inc. 
Chas. Pfizer Company, Inc. 
Pittsburgh Coke Chemical Company 
Corporation 
Valdura Division, 
American Marietta Company 
Visco Products Company 
Williamson, Incorporated 


Technical Committees 
Wil! Meet New Orleans 


Eleven technical committees and task 
have planned sessions during the 
South Central Region Meeting 
held New Orleans, October 20-24. 
Progress problems the committees 
are investigating, business reports and 
plans for further work will taken up. 

NACE Technical Committees which 
plan meet are: T-1 Corrosion 
Oil and Gas Well Equipment, T-1B 
Condensate Well Corrosion, meeting 
conjunction with T-1B-1 High Pres- 
sure Well Completion and Corrosion 
Mitigation Procedure; T-1C Sweet 
Oil Well Corrosion; T-1D Sour Oil 
Well Corrosion; T-1F Metallurgy; 
T-1H Oil String Casing Corrosion; 
T-1J Oil Field Structural Plastics; 
T-1K Inhibitors for Oil and Gas 
Wells; T-1M Corrosion Oil and 
Gas Well Producing Equipment Off- 
shore Installations; 

T-2D Standardization Proce- 
dures for Measuring Pipe Coating Leak- 
age Conductance. 

T-3D-1 Electrical Holiday Inspec- 
tion Coatings. 

T-5C-1 Corrosion Cooling Wa- 
ters, South Central Region; 

T-6A Organic Coatings and Lin- 
ings for Resistance Chemical Corro- 
sion; T-6A-17 Polyurethanes; T-6B 
Protective Coatings for Resistance 
Atmospheric Corrosion; T-6D 
Industrial Maintenance Painting. 

More than 20,000 cards have been issued 
the NACE Abstract Punch Card 


Service. 


NATIONAL and REGIONAL 


MEETINGS and 
SHORT COURSES 


1958 

Oct. 5-8—Northeast Region. Somerset 
Hotel, Boston, Mass. 

Oct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 

Oct. 20-24—South Central Region. New 
Orleans, Roosevelt Hotel. 

Nov. 17-19—Western Region. Los An- 
geles, Statler Hotel. 


1959 

March 17-19—15th Annual Conference 
and 1959 Corrosion Show. Sherman 
Hotel, Chicago. 

Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 

Oct. 20-22—North Central Region, 
Cleveland. 


1960 


Annual Conference and 
1960 Corrosion Show. Dallas, Texas, 
Memorial Auditorium. 

set—South Central Region 
Conference, Tulsa, Okla. 

Oct. 11-14—Northeast Region Meeting. 
Huntington, Va. 


1961 


March—17th Annual Conference and 
1961 Corrosion Show. Buffalo, Y., 
Hotel Statler. 

Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 


1962 

March—18th Annual Conference and 
1962 Corrosion Show. Kansas City, 
Municipal Auditorium. 

October 16-19—South Central Region 
Conference, San Antonio, Texas. 


Advance Program Mailed 
San Joaquin Tour 


Information concerning the Guided 
Field Corrosion Tour held Sept. 
24-25 was planned mailed mem- 
bers NACE California, Oklahoma, 
Texas, Louisiana and Arkansas. The cor- 
rosion tour activity NACE San 
Joaquin Valley Section. 

two planned mailings, members will 
given general tour information, regis- 
tration fee and form used for 
requesting additional information. 

Purpose the tour study and 
examine corrosion projects pertaining 
the petroleum, refining, public utilities 
and agricultural industries. Equipment 
and installations have been selected 
which will offer, addition present 
corrosion information, the opportunity 


(Continued Page 71) 


Four 6-Paper 
Symposia Are 
Being Arranged 


Work the technical program for 
the South Central Region Conference, 
October 20-24 New Orleans gain- 
ing momentum. Papers for the techni- 
cal program are coming and technical 
committee meetings are being arranged. 

The technical program, when com- 
plete, will have six papers each 
symposium. Present status the pro- 
gram with papers already committed 
follows: 


Oil and Gas Production 


Battle, Humble Oil and Refining 
Co., chairman; Koger, Cities 
Service Oil Co., vice chairman. 

Polyurethanes—Plastic with Oil Field 
Promise, Goodman, Tube- 
Kote, Inc., Houston. Results Mixed 
Rod String Testing, Koger, 
Cities Service Oil Co., Bartlesville, 
Okla. 

Well Completion and Corrosion Con- 
trol High Pressure Gas Wells, 
report NACE Task Group 
High Pressure Well Completion 
and Corrosion Mitigation Procedure, 
Oxford, Jr., Sun Oil Co., Beau- 
mont, Tex., chairman, and 
United Gas Co., Shreveport, 

Offshore Corrosion 

Grosz, The California Co., Har- 
vey, La. chairman; Dunne, 
Shell Oil Co., Westwego, La. vice 
chairman. 

Offshore Coatings Application Develop- 
ments, Jack Eggleston, Vapor 
Honing Company, Inc., Houston. 

Paint Maintenance Offshore Equip- 
ment, Robinson, Continental 
Oil Co., Houston. 

Aluminum Anodes for Cathodic Pro- 
tection, Horst, Jr., Aluminum 
Company America, New Kensing- 
ton, Pa. 

Pipe Line 

Marion Frank, Tennessee Gas Trans- 
mission Co., Houston, chairman; Dean 
Griffith, Shell Pipe Line Corp., Hous- 
ton, vice chairman. 

Sacrificial Anodes for Submerged Pipe 
Lines, Robert Ransom, Ten- 
nessee Gas Transmission €o., Hous- 
ton. 

Deep Ground Beds, Miles, 
Interstate Oil Pipe Line Co., Shreve- 
port, La. 

Corrosion Control Aerial Pipe Line 
Crossing, Bellassai, Trans- 
continental Gas Pipe Line 
Houston. 


Refinery and Chemical Process 
Industries 
Vorhies, Freeport Sulphur Co., 
Port Sulphur, La., chairman; 
Eells, Esso Standard Oil Co., Baton 
Rouge, La., vice chairman. 
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Boone Cathodic 
Protection Addition 


Harlod Boone, co-chairman the 
Cathodic Protection Symposium for the 
NACE 15th Annual 
Conference super- 
visory engineer the 
corrosion section 
the engineering de- 
partment The 
Peoples 
and Coke Company, 
Chicago, Illinois. 


has been member 

NACE since 1947 

the Chicago Sec- 


tion. has authored 

Boone technical papers and 

gave paper the 1957 South Central 
Region meeting. 

During World War was assigned 
the test and development unit, aircraft 
section the Naval Research Labora- 
tory, Bellevue, Washington, After 
the war worked for the Texas Pipe 
Line Co. electrolysis engineer, join- 
ing his present company 1951. 


New Officers Elected 
Chicago Section 


Chicago Section elected officers for 
the 1958-59 term and heard reports 
the year’s activities its May meet- 
cers are: Boone, chairman; 
Acosta, vice-chairman; Keefe, 
secretary, and Wayne Schultz, treas- 
They were elected unanimously. 
After their election, outgoing chairman 


Kalhauge turned the meeting 
over Boone. 


said the section gained members dur- 
ing the year. Efforts Mark Fletcher 
were principally responsible for the in- 
crease, said. The treasurer’s report 
Mr. Keefe showed the section 
good financial condition. 

Two technical speakers addressed 
members and guests present. Harold 
O’Brien, president and director re- 
search Royston Laboratories spoke 
Some Factors the Laboratory De- 
velopment Coating Properties. Ken- 
neth Tator, head Kenneth Tator and 
Associates gave overall presentation 
lems. 

Mr. said that extensive 
studies and many tests are 
fore product can marketed. 

Mr. stressed the importance 
field testing. discussed the use 
panels and actual test applications. Sur- 
face preparation prime importance 
said. gave brief explanation 
rating system for coatings which 
has devised. 

Many questions were asked both 
speakers. 

Maps the miles metal pipe, power 
and communication cables underground 
large metropolitan areas 
mapped committees affiliated with 
NACE’s T-7 committee. 


ASSOCIATION CORROSION ENGINEERS 


Ploederl 


Gackenbach 


English Educational 


Lecture Co-Chairman 


James English, Oak Ridge Na- 
tional Laboratory, co-chairman the 
Educational Lectures presented 
the 15th Annual Conference and 
1959 Corrosion Show. has been 
member NACE since 1948 and has 
been active technical committee work 
being member T-5A the Chem- 
ical Manufacturing Industry, T-5A-1 
Sulfuric Acid, T-5A-5 Nitric Acid 
and T-5E Stress Corrosion Crack- 
ing Austenitic Stainless Steel. 

his work Oak Ridge National 
Laboratory, his major interests have 
been the corrosion aluminum, beryl- 
lium and stainless steels aqueous en- 
the East Tennessee Section, and the 
author number reports corro- 
high-purity water. Oak Ridge National 
Laboratory operated Union Car- 
bide Nuclear Co., division Union 
Carbide and Carbon Corp. 


Fink Heads Corrosion 


Principles Symposium 


Frederick Fink, Battelle Memo- 
rial Institute has been selected chair- 
man the Corrosion Principles sym- 
posium for the NACE 15th Annual Con- 
and 1959 Corrosion Show 
held March 16-20, 1959 Chicago. Mr. 
duPont Nemours Co., who found 
necessary resign the chairmanship 
because reassignment duties with 
duPont which prevented his 

Mr. Fink joined NACE 1947 and 
has served various capacities. was 
head arrangements for the educa- 
tional lectures for the NACE 14th An- 
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More Officials Named Chicago Program 


Vol. 


Jeffares Accepts Pipe 
Line General Post 


George Jeffares co-chairman 


the Pipe Line General symposium, 


NACE 15th Annual 
Conference. 
affiliated with the 
Plantation Pipe Line 
Company, having 
joined the firm 
junior engineer 
1947. past 
chairman the At- 
lanta Section, sec- 
retary-treasurer 
the Southeast Region 
and has been mem- 
ber NACE since 
1948. Prior joining Jeffares 
Plantation Pipe Line Company, 
served with the Army Quarter- 
master Corps, petroleum testing labora- 
tory, Caven Point, attended 
Georgia Institute Technology and 
Mississippi State College, receiving his 
latter school 


Mercer Accepts Post 
Utilities Symposium 


Mercer, co-chairman the 
Utilities Industry symposium 
15th Annual NACE 


Conference has been 
working for the 
Southwestern Bell 
Telephone Company 
since 1933. 1952 
was loaned 
Western Electric 
Company work 
the Distant Early 
Warning system 
Alaska. 
turn 1953 Hous- 
ton 
ferred the division 
staff work corrosion problems 
the division. one the original 
members the National Association 
Corrosion Engineers member 
various subcommittees. been 
active the Houston Corrosion Control 
Committee chairman, and has been 
very active NACE Technical Com- 
mittee work for many years. cur- 
rently chairman Group Committee 
T-7, Corrosion Coordinating Committee 
and T-7D, South Central Region Corro- 
sion Coordinating Committee 
vice chairman Task Group T-4B-5 
Non-Metallic Sheaths and Coatings. 


Mercer 


Chicago Committeemen 
Named for Conference 


Oppenlander, Enterprise Paint 
Mtg. Co., and Bowers, Industrial 
Coatings Corp., are members the 
Local Arrangements Committee for the 
NACE 15th Annual Conference and 
1959 Corrosion Show held Chi- 
cago, March 16-20. Sheldahl, Sin- 
clair Research Labs., the committee 
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Corrosion Show 
Space Sells Fast 


Twenty companies have signed con- 
tracts for exhibit space the National 
\ssociation Corrosion Engineers’ 15th 
and 1959 Corrosion Show 
held Chicago, March 16-20. 

Following are companies which have 
igned contracts exhibit: 


Company America 
\mercoat Corporation 
\pex Smelting Company 
Byers Company 
Company 
Carey Manufacturing Co. 
Paint Lacquer Co. 
‘rane Company 
Instrument Company 
Chemical Company 
Pumps, Incorporated 
Sales Corp. 
National Carbon Company 
Pfizer and Company, Inc. 
Rust-Oleum Corp. 
Shell Chemical Corp. 
Shell Oil Company 
Standard Magnesium Corp. 
Valdura Division, 

American Marietta Company 
Visco Products Company 


Fink Heads— 


(Continued From Page 70) 

nual Conference held San Francisco, 
March 1958. past chairman 
Technical Committee T-3 General 
Corrosion Problems and presently 
serving the ISCC Subcommittee 
Relations with Foreign Technical Or- 
ganizations. 

has been with Battelle Memorial 
Institute since 1938, joining the 
corrosion engineer. Last year was 
made chief the corrosion research 
division the institute. 


Ploederl Named Paper 
Industry Co-Chairman 


Paper Industry Symposium for the 
NACE 15th Annual Conference. has 
had extensive experience NACE, and 
now director the Eastern Wis- 
consin Section. has been corrosion 
control work for more than years, 
principally the formulation and 
plication highly resistant coatings. 

has presented numerous papers 
corrosion, and has participated short 
courses corrosion the University 
Wisconsin and Case Institute 
Technology and has taken part na- 
tional and regional meetings NACE. 
business partner the Wiscon- 
sin Protective Coating Co., Green Bay, 
Wis., where charge coating 
research and development. 


Gackenbach Added 
Coatings Symposium 


Gackenbach, co-chairman the 
Protective Coatings Symposium for the 
NACE 15th Annual Conference also 
active NACE technical committee 

(Continued Page 72) 


NACE NEWS 


San 


(Continued From Page 69) 
re-examine during visits future 
years, the effectiveness corrosion pre- 
ventive programs. 

Among the scheduled exhibits are ca- 
thodic protection oil well casing and 
pipelines, tank interiors, glycol dehy- 
drator units; process plants, interior tank 
coatings, hot potassium carbonate proc- 
ess for carbon dioxide removal and 
allied corrosion problems; 

Chemical inhibitor application deep 
gas lift wells, chemical inhibitor control 
pumping wells and pipeline coatings. 

NACE has published more than re- 
ports technical committees since 1950. 
More than thousand NACE members 
and 246 technical advisers are members 

NACE technical committees. 


Engineering 
PLUS... 

makes the 

difference 

pipeline 

cathodic 

protection 


E.R. P. corrosion engineers check an exposed 


New Orleans— 


(Continued From Page 69) 

The Use Inhibitors Process In- 
dustries, Roy Comeaux, Humble 
Oil and Co., Baytown, Texas. 

Plastic Materials Construction, John 
MacKenzie, Haveg Industries, 
Wilmington, Del.; Use Silicone 
Refining and Process Industries, 
Max Levenworth, Dow Corning Co., 
Dallas. 

Application Glassed Steel Equipment 
Corrosive Service, Robert 
Smith, Pfaudler Co., Rochester, 

Chloride Stress Corrosion Cracking 
Austenitic Stainless Steel, 
Dowell, Inc., Tulsa, Okla. 

Canico Process and Materials Con- 
struction, Simons, Cuban 


American Nickel Co., New Orleans. 


leak area. Here they correlate pipe potential 
and line current measurements for electrolysis. 


takes lot know-how protect pipeline from corrosion. 
That’s why corrosion engineers E.R.P. keep abreast the lat- 
est instrumentation. Whether they are protecting old pipeline 
preventing corrosion new line, they use every modern 
method sure each cathodic system effective possible. 

That’s what makes the difference E.R.P. cathodic protec- 
tion: engineering when the cathodic system designed; when it’s 
installed; when periodic corrosion surveys are made check for 


environmental changes. 


you are looking for pipeline protection, E.R.P. ready 
serve you. For full information write for Bulletin E-47.27. 


MAIN BELLEVILLE NEW JERSEY 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE & TIERNAN INC. 
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TECHE SECTION’S Second Annual Short Course Lafayette, La. was given instructors 
whom are shown the top photograph. They are from left right: Fritts, Socony 
Paint Products Co.; Wayne Johnson, Corrosion Rectifying Co.; Goodman, Tube-Kote, Inc.; 
Ned Stearns, The Stearns Co.; Olive, Arkansas Fuel Oil Corp.; Stuart Kershner, 
Texas Pipe Line Co.; Joseph Rench, Napko Corp.; Legault, Sun Oil Co.; Luby, 
Tretolite Co.; Lee DeRouen, Union Oil and Gas Corp. Louisiana. 

speakers the program not shown here were: Dorsey Fincher, Tidewater Oil Co.; 
Spalding, Jr., Sun Oil Co.; Thomas Kelly, Mavor-Kelly Co.; Stewart, Sun Pipe 
Line Co. and past president, NACE; Herbert Robinson, Cities Service Co.; Kuhn, 
consultant; Norman Hackerman, University Texas; Peabody, Ebasco Services, Inc.; 
Picarazzi, Cities Service Refining Corp.; and Hurst, Jr., National Aluminate Corp. 

the bottom photograph are members the short course committee, the usual order: 
First row, Prats, Tube-Kote, Inc., chairman, entertainment; Frank Shofner, Aquaness Dept., 
Atlas Powder Co., chairman, registration; John Stone, Sunray Mid-Continent Oil Co., chairman, 
planning and director course; Sam Fairchild, Texas Pipe Line Co., speakers committeeman; 
Harper, Jr., Union Oil Co. California, planning and program committeeman; Lee 
DeRouen, Union Oil and Gas Corp. Louisiana, speakers committeeman; Wayne Grant, Jr., 
The Texas Co., registration committeeman. 

Back row: Bassham, Tretolite Co., planning and program committeeman; John Selleck, 
Nocor Chemical Co., chairman, publicity; Paul Bercegeay, Southwestern Louisiana Institute 
planning and program committeeman; Max Suchanek, Dowell, Inc., Teche Section chairman 
and planning and program committeeman; Phil Brock, Dowell, Inc., registration committeeman 
and chairman, housing and meals; Vernon Sibille, The Superior Oil Co., registration committee- 
man; Jack Donnelly, Plastic Applicators, Inc., speakers’ 

Committee members not shown are: Joe Sablatura, Gulf Oil Corp., entertainment committee- 
man; Nathan James, The Texas Co., housing and meals committeeman and Bill Odom, Shearon 
Co., housing and meals committeeman. 


120 Register for 
Teche Short Course 


Teche Section’s Second Annual Cor- “Shorty” Cobbett, 
rosion Control Short Course, held Hill, Hubbell Division 
cooperation with Southwestern Louisi- General Paint Corp., Cleveland for 
ana Institute, Lafayette, La. attracted died May heart attack 
120 registrants hear 3-day program airport. well-known figure 

the pipe coating field, rose from 


about percent over registration 

the first course June, 1957. plant laborer district sales manager. 
the May section meeting Jack joined NACE March, 1948. 

Kinley, Houston spoke about new survived his widow, brother and 

tubing caliper instrument. four sisters. 


NEWS DEADLINE FOR CORROSION 


News intended for publication CORROSION should Houston 
not later than the 10th the month preceding month publication. 


When events occur near this date, sometimes possible hold 
space for news stories, provided advance notice given. estimate 
the amount space required should included the advance notice. 


Spalding Heads 1960 


Conference Committee 


Spalding, Jr. has accepted the 
position General Conference Chair- 
man for the NACE 
16th Annual Confer- 
Dallas, Texas, March 
13-19, 1960. 

Mr. Spalding, Sun 
Oil Co., has been ac- 
tive NACE affairs 
for more than 
chairman Tech- 
nical Unit Commit- 
tee T-1K Inhibi- 
tors for Oil and Gas 
Wells. was suc- 
cessively elected positions secretary- 
treasurer, vice chairman and chairman 
the South Central Region and now 
holds the latter position. also once 
served chairman North Texas 
Section. 

joining Sun Oil Co. 1947, 
was the faculty Southern 
Methodist University. 


Gackenbach 


(Continued From Page 71) 
Plastic Materials Construction. 
past chairman the committee and 
also Task Group T-5D-6 The Use 
Plastics the Presence Organic 
Chemicals. served chairman 
the Chemical Industry Symposium 
the NACE 14th Annual Conference held 
San Francisco last year. 

Mr. Gackenbach associated with 
the Organic Chemicals Division 
American Cyanamid Company, Bound 
gineer. this position evaluates, 
selects and specifies materails con- 
struction and makes recommendations 
for design fabrication and installation 
metallurgical engineering from Lehigh 
University and member NACE 
and ASM. 


Alabama Journal Started 


Birmingham Section NACE mem- 
ber the Birmingham and Jefferson 
County Engineering Council which 
sponsoring new monthly engineering 
periodical for the state Alabama. 

The Ten-Year Index 1945-54 
indexes over 3500 pages published those 


years. 


Spalding 
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ANY WAY YOU LOOK 


Standard’s HIGH CURRENT Anodes deliver more protection less cost! 


every corrosion engineer knows, the current 
delivered magnesium anodes that stops corrosion. 
Ohms Law reads “Current equals volts divided 
resistance.” Therefore, reducing the resistance in- 
creases the current output and the protection de- 
livered anode. The resistance magnesium 
anode decreases rapidly extending the length 
the anode. 


Standard Magnesium now offers, addi- 
tional cost, line output anodes 
increased length. These anodes pro- 


duce 50% more current output than conventional 
anodes. Furthermore, that H-1 alloy delivers the 
maximum possible life and protection has been field 
proved over decade millions installations. 


With this new anode you save 
installation well original costs since four 
anodes will deliver the current six con- 
ventional anodes. 

sure you are getting the maximum return for. 
your dollar investment. Insist Standard Mag- 
nesium HicH anodes. 


For complete information describing advantages 
anodes write for FREE booklet CH58. 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 
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Stress Corrosion Fracture Pittsburgh 


CUT 


PLANT MAINTENANCE 


COSTS 


Epoxy, Latex Resins 
All Type Applications! 
MINIMIZES CORROSION Tanks 
Pipes all Containers, any Exposed 
Metal 

PROTECTS AGAINST highly concentrated 
Acids Fumes Caustics Alkalies 
Abrasives Heat 

PROVEN SUPERIOR Resistance— 

Flexibility—Long Life—Reduction 


Deterioration Under the Most Extreme 
Corrosive Conditions 


KERPON PROTECTIVE COATINGS 
Faster Apply Cost Less 


For Easy Solution Your 
Corrosion write 


Part 7000’ Bart Lectro-Clad pipe 
running from Diamond Alkali plant 
to river storage tank. 


Aluminum Alloys High 
Purity Water Topic N.Y. 


Aluminum Alloys for Handling High 
Purity Water was the title talk 
Wayne Binger, scheduled de- 
livered the Metropolitan New York 
Section meeting, May the Hotel 
Shelburne. 

summary his talk Mr. Binger, 
who associated with the Chemical 
Metallurgy Division, Aluminum Re- 
search Laboratories, said that industry 
has developed increasing demand for 
large quantities high purity water. 
Utilities are requiring large amounts 
high purity water accompany increas- 
ing temperatures and pressures their 
steam cycle operations. This recent 
surge has been supported additional 
critical requirements the nuclear en- 
ergy industry. For many years, chem- 
ical companies, research industrial 
laboratories, food manufacturers and 
pharmaceutical houses have required 
high purity water some phases 
their operations. 

Mr. Binger summarized some the 
performance records accumulated over 
the past years high purity water 
systems and the developments cur- 
rently under way accommodate the 
demands the nuclear energy field. 

North Central Region will hold its 1958 
meeting October 15-17 Cincinnati. 


CAUSTIC 


handling problem 


solved ART 


pipe 

the Muscle Shoals chlorine-caustic soda 
plant Diamond Alkali, one the largest 
its kind, BART Lectro-Clad pipe carries 
hot caustics storage tank—efficiently and 
economically. 


YOU HANDLE CORROSIVES ANY KIND— 


Investigate BART Lectro-Clad pipe and fit- 
tings. Providing smooth, ductile, pore-free 
coating nickel its purest form, they 
combine high strength, heat tolerance, and 
remarkable ease fabrication and mainte- 
Most sizes readily available, others 
order. Write distributor for full technical 
data. Michigan Pipe Co., 2415 Burdette 
Ave., Ferndale, Michigan. 


MANUFACTURING CORPORATION 


ELECTROFORMING PIPE LINING COATING PLATERS 
CHEMICAL PUMPS ENGINEERING DESIGN SERVICES 


National Association 
Engineers will participate with 
societies the conference Physical 
Metallurgy Stress-Corrosion Frac- 
ture, held the Mellon Institute, 
Pittsburgh, April 2-3, 1959. 
Brooks, The Dow Chemical Co., 
official representative NACE. 


The conference sponsored th: 
Corrosion-Resistant Metals Committe: 
the Institute Metals Division ani 
the Pittsburgh Section Metallurgical 
Society the American Institute 
Mining, Metallurgical 
Engineers. Cooperating societies ad- 
dition NACE are The Electrochemi- 
cal Society and the American Society 
for Testing Materials. 


Presentation and discussion 
basis recent fundamental advances 
stress-corrosion cracking the purpose 
the conference. The meetings 
been organized around the following 
general subjects: Introduction and 
Stress Corrosion and Fracture. New 
Experimental Advances Stress Cor- 
rosion and Fracture. Mechanisms 
Stress-Corrosion Cracking Including 
Environmental and Metallurgical 
pects and the Behavior Specific Ma- 
terials. 


Emphasis will placed the physi- 
cal metallurgical, surface chemical and 
solid state physics aspects the phe- 
nomena. 


Meetings will the discussion 
type. Speakers are present only sum- 
maries their papers, emphasizing 
planned preprint the papers those 
participating can informed and ready 
discuss the subject and exchange sct- 
entific information. 


The proposed technical program will 
present under Introduction and Back- 
ground: Significance the stress- 
corrosion problem. characteristics 
stress-corrosion cracking. 


Under Theoretical Aspects Stress, 
Corrosion and Fracture: relationship 
microstress fracture (at near 
solid-fluid interfaces). thermody- 
namic relationship between stress and 
chemical potential. relationship 
surface topology and structure en- 
vironment. 


Under Experimental Aspects Stress, 
Corrosion and Fracture: role the 
corrosion product. stress and micro- 
topology. stress and 
tential. 


The preceding three symposia will 
presented April 


Planned for April symposium 
Mechanisms 
Cracking: environmental aspects 
(two papers). metallurgical aspects 
(five papers). behavior specific 
materials (two papers). 


Whiteneck Talks L.A. 


The importance corporate mem- 
bers National Association Corrosion 
Engineers was stressed address 
Whiteneck, Plicoflex, Inc., 
NACE president the Los Angeles 
Section, May 28. This was the last 
meeting the section until September. 
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en- 
ahead? your plans call for complete corrosion- 
po- resistant piping system with low total installation cost 
Then will pay you every way look into the genuine 
economy complete system saran lined pipe. 
ects 


First, consider the natural advantages the new gray saran 
lining itself. Its lower coefficient thermal expansion and 


Here’s why Saran lined pipe offers long range economy 


corrosion-resistant keeps shutdowns minimum for years 


resistance thermal cycling. can installed systems 
with operating pressures from full vacuum 300 p.s.i. and 
temperatures 200° Add these advantages the 
immediate availability saran lined pipe, valves, pumps and 
fittings and you have ideal piping system that can 
installed without trouble, waiting hidden costs. 


your plans call for lined tanks, you'll want the advantages 
Saraloy® 898 tank lining added your saran lined pipe 
system. Get the complete story how will pay you 
install complete saran and Saraloy 898 lined system. THE 
DOW CHEMICAL COMPANY, Midland, Michigan. 


contraction more closely approaches that steel. This pro- 
vides broader operating temperature range and greater 
SARAN LINED PIPE COMPANY J Please send me information on: N 

DEPT. 2000-C lined pipe, fittings and valves. 

10n 2415 BURDETTE AVENUE CO Saran lined centrifugal pumps. 

"eSs FERNDALE 20, MICHIGAN CD Saraloy 898 chemical-resistant sheeting. Address 

last 


YOU CAN DEPEND 


Metallic Coatings Topic 
San Francisco July 


Corrosion and the Protective Value 
Metallic Coatings was the title tech- 
nical talk delivered before the San Fran- 
cisco Bay Area Section meeting June 
Berkeley. Sample, International 
Nickel Co., development and research 
section was the speaker. 

The meeting was held conjunction 
with the meeting the local section 
the American Society for Metals and was 
the last until September. Twenty-two 
members and three guests attended. 

For the May section meeting, the 
technical subject was Corrosion Problems 
the Canning Industry, Norman Buell, 
California Packing Corporation. 


ASSOCIATION CORROSION ENGINEERS 


Welding Copper-Base Alloy 
Tubes Scheduled Topic 


Mechanical Effects Resulting From 
Welding Copper-Base Alloy Tubes 
Tube Sheets was the title talk sched- 
uled for the Kanawha Valley Section 
meeting May with. Lowell Hawthorne, 
manager, welding service, research de- 
partment, Revere Copper and Brass, Inc. 
speaker. 

The board governors the section, 
composed section officers and commit- 
tee chairmen was slated convene prior 
the evening meeting. Arrangements 
were made with the Marietta Country 
Club for members play golf preceding 
the section meeting. The section nomi- 
Northeast Region during 1958-59, 


When Was Zinc Chromate 
First Used 
Corrosion Inhibitors? 


Over years ago, 1947, Wright 


introduced the use zinc, for corrosion 


control, new Wright product called 


Penechrome Since then other Wright 


Penechromes, containing zinc chromate 


and organic additives, have proved 


years field service the greater effec- 


tiveness zinc-containing corrosion 


inhibitors. Wright research, always, 


will continue developing new ap- 


proaches the solution your water 


side corrosion problems. 


Ask about Wright Consulting Services. 


WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 
633 WEST LAKE STREET, CHICAGO 6, ILLINOIS 


Offices in Principal Cities 


Softeners, Filters and other external Treating Equipment 


@ Nelson Chemical Proportioning Pumps 


Vol. 


Years’ Experience 
Proves Cathodic 
Value 


More than years experience 
prove that cathodic protection bare 
and poorly coated underground pipe 
lines profitable. This was the conclu- 
sion from the remarks Max 
Slather, United Gas Pipe Line Co., San 
Antonio before meeting Alamo Sec- 
tion May 20. Mr. Slather, who related 
some the experience his company 
has had protecting underground plant 
his district, showed text and 
graphically that leaks have consistently 
diminished frequency every line 
which cathodic protection has been 
applied. 

Much the pipe the San Antonio 
district advanced age. Over 700 
miles years age. 

Although cathodic protection the 
system first began 1936 using wind 
driven generators source current, 
planned cathodic protection program 
was not started before 1940, shortly 
after which was interrupted World 
War II. The program was resumed 
1947 accelerated rate. The com- 
pany has spent more than $900,000 
cathodic protection since. 

Mr. Slather estimated savings leak 
losses alone nine years about 
$3,270,000. Since cathodic protection 
during the nine years cost $900,000, 
net saving over costs estimated 
$2,368,000. The rate increase leaks 
before cathodic protection was about 
percent. 1956, this rate was reduced 
percent. some well-coated lines 
which cathodic protection 
stalled the beginning, said, there 
has never been leak. 

With respect the contention that 
coating pipes results accelerated pit- 
ting points, Mr. Slather said that 
leaks this kind are preferred gen- 
eral wastage pipe thickness which 
may result catastrophic damage. 
also said that when cathodic protection 
first installed rash small leaks 
usually follows, but that the leaks dimin- 
ish rapidly thereafter. 


Langlois Chairman 
Greater Boston Section 


New officers for the Greater Boston 
Section were elected and installed the 
May meeting Brookline, Massa- 
chusetts. New officers are Walter 
Langlois, chairman; Benjamin Barn- 
wall, vice-chairman and Manson Glover, 
secretary-treasurer. 

Other section officers for 1958 are 
George Hunt, chairman the pro- 
gram committee; Charles Curry, Jr., 
chairman the membership committee 
and John Swift, chairman the NACE 
corporate membership committee. 

Technical speaker for the meeting was 
Harvey Miller who spoke spray 
coating metals. 

Activities the NACE 14th Annual 
Conference were described two brief 
reports. request was made for authors 
volunteer papers for the NACE 15th 
Conference Chicago, March 16-20, 
1959, 


NACE Now has local sections. 
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Panel Discusses 
Successful Use 
Corrosion Inhibitors 


Corrosion Inhibitors was the subject 
panel discussion the technical 
session the June Houston Section 
meeting. Members the panel presented 
lifferent requirements .in their special 
inhibitor, and spoke 
new approach the testing and 
developing inhibitors. 

Houston Section members welcomed 
new officers for 1958-59 and gave out- 
zoing chairman Joy Payton and other 
outgoing officers standing ovation. 
New officers are: Wood, Jr., 
Products Research Service, Inc., chair- 
man; Tinsley, Southwestern Bell 
Telephone Co., vice chirman; and 
Melvin, Carboline Co., secretary-treas- 

Tretolite Co., many inhibitors fail be- 
cause the corrosion engineer does not 
keep foremost his mind specific re- 
quirements demanded under each indivi- 
dual case. Weight loss tests, deposit 
inhibitor film, and many other broad 
criteria don’t exactly mean much when 
comes special conditions presented 
each job, maintained. However, 
Mr. Hughes said was confident that 
sometime the future some means 
would found develop inhibitor 
which slight field modifications would 
suitable for almost every requirement. 
emphasized knew such in- 
hibitor present. 

Comeaux, Humble Oil and Re- 
fining Co. presented slides showing cor- 
rosion refining equipment. Even 
though inhibitors were used, corrosion 
was severe. Mr. Comeaux said did 
not know whether not inhibitor came 
into contact with the corroded parts. 

pointed out that some instances, 
designers engineer equipment with baf- 
fles, sharp turns and other means 
separating components fluids and 
materials being processed. felt that 
was quite likely inhibitor under 
some circumstances would this way 
removed from the medium and lose 
its effectiveness. 

Fincher, corrosion engineer for 
the southern division Tidewater Oil 
Co., said results from using the squeeze 
method inhibition indicated was 
good one. Records wells showed 
only few cases where results were 
disappointing. pointed out that get- 
ting inhibitor fluid into well not 
simply matter pouring down 
the hole, 

Nathan acted moderator for 
the panel, and referred 
sented panel members after they had 
delivered their short talks. 

the May 13, picnic meeting, 125 
adults and children swam, enjoyed 
barbecued chicken and joined 
formal dancing. Shirts, gloves (both 
for club heads and hand gloves), golf 
balls and golf tees were awarded win- 
ners the blind bogey tournament. 
Jack Rowe won the handicap with 
score 60. Bert Owens was low golfer 
with low gross score 78. 


NACE has published more than re- 
ports technical committees since 1950. 


More than thousand NACE members 
and 246 technical advisers are members 
NACE technical committees. 


Write for additional detailed information. 
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HOW INSPECT THIN FILM 
CONDUCTIVE SURFACES 


When the tapwater 
wet sponge the end the 
wand the operator’s hand 

reaches holiday the coating 

this vessel, bell signal registers the 
detector hanging the side. 

Circuit completed through 

wire attached bare metal 

the vessel. 


MODEL M-1 
DETECTOR 


Non-Destructive 


Accurate 
Bell Signal 
Light Weight lbs.) 


The new Model M-1 Detector accurately indicates pin holes and bare 
spots thin films coating material which have high electrical resist- 
ance when applied electrically conductive surface such metal 


concrete. 
This makes the Model M-1 Detector ideal for use tanks, 


tubes, pipes any similar coated container where 
corrosive liquids gases are transmitted 
stored. Undoubtedly, this new device has applica- 
tion your plant factory right now. 
Scientifically-designed and experience-proven, 
lightweight well (only pounds), which means 
easy and rapid shipment any place the world. 


ORDER NOW and let this 
new Model M-1 De- 
tector begin saving down 


time from corrosion your 
plant. 


PRICE 
$82.50 complete 
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Perkins Tytell 


ABOUT NORTHEAST REGION 
SYMPOSIA OFFICIALS 


Long corrosion experience and degrees from 
top technical schools in the nation are almost 
a common denominator for chairmen of sym- 
posia to be held at the Northeast Region 
Meeting, October 6-8. 


THEORY AND PRINCIPLES 

Chairman is Daniel Cushing, consulting met- 
allurgical engineer, Boston, Mass, A native of 
Massachusetts, he was educated at the Uni- 
versity of Virginia, Yale University and the 
Massachusetts Institute of Technology. 

Among his past work have been inventions 
in metallurgical processes and equipment. He 
was one of the early members of NACE, join- 
ing in 1945. Included in his corrosion studies 
are original work in the corrosion of ancient 
bronzes. 

He is chairman of NACE Technical Group 
T-4F-1 and chairman of the Technical Prac- 
tices Committee of the Greater Boston Sec- 
tion, NACE. He is also a member of the 
following NACE technical organizations: T-4E 
on Corrosion by Domestic Waters, T-4E-1, on 
Hot Water Tank Corrosion, T-4F on Materials 
Selection for Corrosion Mitigation in the Util- 
ity Industry, and T-4F-2, Materials Selection 
in the Electric Industry. 


MARINE CORROSION 

L. M. Mosher, Bethlehem Steel Corporation, 
shipbuilding division, Quincy, Massachusetts, 
is chairman, He has been with the company 
since 1944, working in the field of corrosion, 
corrosion preventive measures and marine 
biology. After graduating from Massachusetts 
Institute of Technology in 1929, he became a 
member of the school’s research staff. He is 
a member of NACE Technical Unit Commit- 
tees T-3H on Tanker Corrosion and T-6C on 
Protective Coatings for Resistance to Marine 
Corrosion. 


CATHODIC PROTECTION 

Boris H. Tytell, a supervisory chemist with 
the Boston Naval Shipyard is chairman. Mr. 
Tytell has had considerable experience in the 
comparative evaluation of both galvanic an- 
odes and anodes for impressed current sys- 
tems. He has specialized in cathodic protec- 
tion for several years, and is a member of 
NACE Unit Committee T-3G on Cathodic Pro- 
tection, T-2B on Anodes for Impressed Cur- 
rents and Task Group T-3G-1 on Cathodic 
Protection of Hull Bottoms of Ships. He is a 
graduate of Brooklyn Politechnical Institute. 


PROTECTIVE COATINGS 

J. Dwight Bird, The Dampney Company, 
Hyde Park, Massachusetts is chairman, He 
has worked for thirty years in the field of 
corrosion control through use of protective 
coatings, with particular emphasis on power 
and mechanical service. He was educated at 
the University of Dallas, Texas and has 
worked with the General Electric Company 
and Ebasco Services, Inc., operating properties 
in construction and maintenance programs. 

He is a member of several technical so- 
cieties and has had experience in technical 
meeting work; being general chairman of the 
1958 National Engineering Managment Con- 
ference which was co-sponsored by ASME and 
AIEE. He is now vice-president and director 
of The Dampney Company. He is past chair- 
man of the NACE Boston Section and of the 
Northeast Region and is a member of Tech- 
nical Unit Committee T-6D on Industrial 
Maintenance Painting. 


UTILITIES INDUSTRY 

E. R. Perkins, chairman, is Protection En- 
gineer on the staff of the Chief Engineer, 
New England Telephone and Telegraph Com- 
pany. He became associated with the com- 
pany shortly after graduation from Massachu- 
setts Institute of Technology. His present 
work covers the field of electrolysis and cor- 


Four Technical Papers Are 
Added Boston Program 


Four technical papers have been added 
symposia for the Northeast Region 
Meeting held Boston Massa- 
chusetts, October 6-8, 1958. 

New papers and authors are, the 
Protective Coating symposium, Session 
Two, Polyurethane Protective Coatings 
—Properties and Applications, 
Wells, Mobay Research Laboratory; An- 
other paper will delivered 
Priest, the Pfaudler Co. 

the Utilities Industry symposium, 
Compton, Bell Telephone Labora- 
tories will present Instruments for Cor- 
rosion Testing, Uses and Limitations. 

the General Corrosion symposium, 
the paper, Zinc Marine Environments, 
will delivered Anderson, New 
Jersey Zinc Co. Other minor corrections 
and changes are being made the pro- 
gram meeting officers round into 
shape. 

Murray Jacobson, Watertown Ar- 
senal Laboratories, chairman the 
technical program. 


Committees Schedule 
Sessions Boston 


Six NACE technical committees will 
meet during the North Central Region 
meeting held Cincinnati, Octo- 
ber 15-17. According the tentative 
schedule released Sylvan Falck, 
chairman the technical program com- 
mittee, the committees will meet 
follows: 

Wednesday am, October 15: Techni- 
cal Committee T-5B High Tempera- 
ture Corrosion; Technical Committee 
T-3F Corrosion High Purity 
Water. Wednesday pm: Technical Com- 
mittee T-6F Protective Interior Lin- 
ings, Application and Methods. 

Thursday am, October 16: Technical 
Committee T-7B, North Central Region 
Corrosion Coordinating Committee; 
Technical Committee T-5A-4 Chlo- 
rine (Corrosion Problems the Process 
Industries). Thursday pm: Technical 
(Corrosion Problems the Process In- 
dustries). 


rosion on a staff basis and he is a member 
of NACE Technical Unit Committee T-7A. 


* Northast Region Coordinating Committee, and 


of the Greater Boston Electrolysis Committee. 


GENERAL CORROSION 

Carlton L. Goodwin, Portland Pipe Line 
Corp., is chairman. He has presented many 
papers before the NACE, API and AGA on 
pipe line corrosion control. 

Since 1932, he has served in several capaci- 
ties with his firm, both in operations and 
engineering. He presently is senior corrosion 
engineer with Portland Pipe Line Corp. He 
holds a BS degree in ,chemical engineering 
from the University of Maine. 


Caliper Surveys 
Topic Longview 


East Texas Section held its last meet- 
ing the season, May Longview, 
Texas. Kelly, Otis Pressure Con- 
trol, Dallas, gave very informative talk 
the equipment, techniques and inter- 
pretations caliper surveys and statis- 
tical and graphical methods evaluating 
the data obtained. Fifteen members and 
guests attended the meeting. 


Next section meeting will Septem- 
ber Longview. The program for 
this meeting has not been selected. How- 
ever, October 28, Tom Stephens 
Amercoat Corp., Houston, will speak 
Applications and Limitations Pro- 
tective Coatings. This meeting also will 
held Longview. 


the April meeting, Kenneth 
Tator Kenneth Tator Associates, 
spoke Corrosion Preventive Coating 
Information. divided coatings into 
types, indicating the nature and degree 
protection offered the various 
types. Temperature, and solvent limi- 
tations and applications the various 
types coatings were discussed, were 
economics the various types. 


Corpus Christi Session 


External Corrosion Held 


Oil and Gas Well External Corrosion 
and Cathodic Protection was the tech- 
nical topic scheduled for meeting 
Corpus Christi Section, May Pike’s 
Grille. The program was slated follow 
dinner and social hour. 


Wayne Johnson, Corrosion Recti- 
fying Houston, Texas, was the 
scheduled speaker. heads firm 
which specializes designing and build- 
ing rectifier and galvanic anode systems 
for the oil and gas and construction in- 
dustries. 


The section will adjourn for the sum- 
mer months not meet 
September, when barbecue will 
held. 


Film Ductile 
Shown Rochester 


Election officers and the showing 
film, Ductile Cast Iron were scheduled 
for the Genessee Valley Section meeting 
the Pfaudler Research Laboratory, 
Rochester, Y., May 27. Ettin- 
ger, Casting Division American Brake 
Shoe Co. was selected explain the 
film and answer questions afterward. 
The meeting was the last one scheduled 
until next season. 
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You're Money Ahead 


MEASURE PIPE PROTECTION 
WITH CALENDAR 


record uninterrupted performance other type 


and 24” widths—sized the job. Available also 


ew, 
On- 
alk 
er- 
w- 
ns 
How should pipe protection measured? first cost? 
With all the claims made for protective tapes, too often Under Water 
the most important consideration overlooked—the 

simple point how long and how well will protect 

the Service Connections Conduit 

Since 1941, when TAPECOAT originated coal tar Mechanical Couplings 

coating tape form, this protection has proved the Fittings Splices 

best that money can buy for combatting corrosion under- Insulated Lines Bridge Crossings 

ground under water. Lines service, TAPECOATED 

far back years ago, show signs deterioration TAPECOAT comes rolls 2”, 3”, 4”, 18” 


ome 


tape can match. Think what this means terms preven- 
tive maintenance and elimination replacement costs! 

After all, hot-applied coal tar has proven over the 
years the most dependable and enduring protection. 
And because TAPECOAT hot-applied coal tar coat- 
ing tape form, offers the same lasting protection. 

TAPECOAT sales and service engineer available 
all times assist you any corrosion problem and 
the various applications TAPECOAT. 


Write for complete details today. 


asphalt. Where primer desired, specify 
Primecoat, the compatible coal tar primer. 


PROTECTIVE COATING 


TAPECOA 


1529 Lyons Street, Evanston, Illinois 
Representatives Principal Cities 
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NACE STAFF 


Stanley Treves 


Editing, publishing and mailing NACE 
Corrosion Abstract Punch Cards the 
responsibility Nicole Treves and 
Stanley, members the NACE 
Central Office Staff. 

The abstract card service 
tuted 1951 NACE after years 
study corrosion experts and NACE 
officials. These persons, some them 
top executives their own companies 
while holding offices NACE, shaped 


COKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has high carbon 


inch. bulk sacks, Prices other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


Box Mt. Olive, Ala. 


other methods used. 


APEX Anodes are now 
available in 5 Ib., 10 tb., 
17 Ib. and 32 th. sizes. You 
may order bare anode 
with or without wire, or 
complete packaged anode 
with wire and back-fill 
ready for installation. 


available upon request. 


ASSOCIATION CORROSION ENGINEERS 


the service what they believed 
the need corrosion engineers. 


Approximately 15,400 abstracts have 
been published punch cards since 
1951. Many abstract card shipments are 
sent subscribers other countries. 
There are several hundred topical clas- 
sifications the index used the cards. 


Miss Treves, charge the abstract 
service since March, classifies the ab- 
stracts according the NACE Abstract 
Filing Index. Original abstracts are ob- 
tained from different sources from 
which they are selected corrosion ex- 
perts comprising special selection group. 
After the abstracts have been classified, 
Miss Stanley types them special offset 
duplicator plates. After they are proof- 
read, they are printed, collated, boxed and 
mailed. 


Mailing dates set and met, cor- 
respondence with subscribers car- 
ried on, records kept and the many 
other details handled, keep these 
two members the Central Office staff 
busy. 


Miss Treves, recent resident the 
United States, came here from Egypt. 
She attended Lycee Francais Caire, 
and holds bachelor science degree 
chemistry from the American Univer- 
sity Cairo. Her leisure interests are 
journalism, amateur theater and piano 
music. She speaks four languages. 


Miss Stanley has been with NACE for 
more than five years. She became associ- 
ated with NACE graduation from 
North Texas State College 1951 with 
degree business administration. Her 
principal hobbies are attending live thea- 
ter plays, good music and art. She also 
likes sports and enjoys relaxing Gulf 
Coast beaches. 


Water Treatment Topic 


Water treatment, particularly the prob- 
lems relevant industrial, boiler and 
circulating ice waters was the technical 
subject selected for the Central Arizona 
Section dinner meeting scheduled for 
May The technical speaker selected 
address the group was William Wal- 
lace, Cone Wallace Co. 


Corrosion control for under-ground and under-water 
pipelines and other metal structures regardless all 


Anode folders technical consultation with our engineers 


Southwestern Ohio 
Section Tours Plant 


Plant tours, election officers, pic- 
nics and obtaining corporate members 
have been varied activities South- 
western Ohio Section during the past 
few months. The section scheduled its 
picnic for May Clifty Falls, In- 
diana State Park, short distance west 
Madison, Indiana. Selected land- 
mark for the rendezvous point for the 
picnic were the 710-foot smokestacks 
the gigantic Clifty Creek electric gen- 
erating plant 1,200,000 kilowatts 
capacity, owned the Indiana-Ken- 
tucky Electric Corp. tour the plant 
was the first event scheduled. Also 
the program was visit Clifty Falls 
park with dinner the park inn. 
brief business meeting with installation 
officers was scheduled next. Motion 
pictures produced International 
Nickel Co. fundamentals corro- 
sion concluded the scheduled events. 

The corporate membership drive was 
discussed the April meeting 
Dayton, Ohio, Kretschmer, 
Columbia Gas System Service Corp. 
tour the Duriron Co. plant, laboratory 
and foundry preceded the meeting. 

Officers elected the April meeting 
Wood, vice-chairman and program di- 
rector; Clifford Jones, secretary; 
Arthur Caster, treasurer and Robert 
Andres, Guy Cantwell, Lewis 
Lederer, Stephenson, board 
directors. 


Reinhart Now Heads 


Editorial Subcommittee 


Fred Reinhart, National Bureau 
Standards, Silver Spring, Md. has 
accepted the post chairman the 
NACE Editorial Review sub-committee. 
The committee reviews technical papers 
submitted for publication 

The committee also was -increased 
the addition two new members. 
They are Binger, Aluminum 
Company America, New Kensington, 
Pa. who will review papers light 
metals and Greene, Electro Metal- 
lurgical Co., Niagara Falls, N.Y. who 
will review papers corrosion theory. 


Auto Exhaust Control 
Costs Are Estimated 


Controlling the quality gases ex- 
hausted from automotive equipment will 
the prime goal the Air Pollution 
Foundation. Cost control 
rently proposed methods will range 
from $50 $85 per year per automo- 
bile. Considered are induction devices, 
direct flame and catalytic afterburners, 
nitrogen oxide eliminators, fuel changes 
and combinations these devices. 


Copies the foundation’s publication 
the subject are available 
copy from 2556 Mission St., San Ma- 
rino, Cal. 


The NACE 15th Annual Conference 
will Sherman Hotel, Chicago. 

South Central Region’s 1958 Conference 
and Exhibition will held October 
20-24 the Roosevelt Hotel, New Or- 
leans. 


ture 
prev 
tical 
tenti 
Ont 
costl 
that 
copp 
lent 


corr 
soil 


mea 

wer 
inch 
stee 
day: 


; : : ~ 
ial 
rom 
hat 
ninu 
irate 
surfa 
orm 
thodi 
exter 
prob 
bure 
cent 
APEX SMELTING COMPANY 
CHICAGO CLEVELAND .LOS ANGELES 


NBS Salt Water 
Studies Validate 
Protection Criterion 


The National Bureau Standards has 
ompleted study the electric poten- 
ial needed protect steel cathodically 
rom corrosion salt water, Data ob- 
ained under controlled laboratory condi- 
ions are expected provide basis for 
iandling similar problems encountered 
inder marine was found 
hat the best degree protection was 
when specimens were held 
ninus 0.77 volt with reference sat- 
irated calomel electrode. 

Normal corrosion iron and steel 
electrochemical phenomenon. When 
metal exposed salt water, differ- 
electric potential develop the 
surface the metal, resulting the 
ormation numerous small corrosion 
‘ells. This action causes destructive 
ilteration areas, known anodes, 
metal surface where metallic ions 
the electrolyte. applying ca- 
thodic protection, direct current from 
external source caused flow from 
auxiliary anode toward the corroding 
surface. This prevents positive metal ions 
from entering the electrolyte. 


Equivalent Other Criteria 


The potential which metal struc- 
ture should maintained order 
prevent corrosion question prac- 
tical interest. Insufficient negative po- 
tential will give inadequate protection. 
the other hand, maintaining greater 
potential than needed unnecessarily 
costly. Some engineers are the opinion 
that —0.85 volt with reference 
copper-copper sulfate electrode (equiva- 
lent —0.77 volt with reference 
saturated calomel electrode) sometimes 
represents overprotection and excessive 
current demands. was study this 
problem that Schwerdtfeger the 
bureau’s corrosion laboratory undertook 
the present work. 

earlier laboratory investigation 
corrosion various types soils using 
soil cells had shown that steel specimens 
maintained —0.77 volt with reference 
saturated calomel electrode lost 
negligible weight 60-day exposure 
period. Also, deviations 
electro-positive this voltage for rela- 
tively short intervals resulted appre- 
ciable weight loss. Specimens maintained 
more negative potentials (—1.0 volt) 
generally showed greater 
weight 

The corrosive environment chosen for 
the present study was Washington 
(D. C.) tap water with added per- 
cent weight sodium chloride. This 
electrolyte presented problem the 
measurement significant potentials; 
special equipment was needed the 
(voltage) drops the salt water 
were negligible. All specimens were 16- 
inch long, 0.5-inch diameter, cold-rolled 
steel rods, taped the water line and 
vertically the water for 
days. 

(Continued Page 82) 
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NATIONAL SCIENCE FAIR, Flint, Mich. this was the sole display corrosion control 
subject. Seated his exhibit Ludy Harman, Ponca City, Oklahoma Senior High School, who 
received the U.S. Navy Cruiser alternate award. the original recipient unable go, 
will spend week sea special tour arranged the Navy. Ludy seventeen years age. 


Safety Precautions Listed for Tankers 
Using Cathodic Protection Against Corrosion 


Precautions recommended oil tank- 
ers with cathodic protection systems 
were included paper “Tanker Safe 
Company, London, England scheduled 
for presentation June the Tanker 
Corrosion Symposium the Annual 
Tanker Conference the American 
Petroleum Institute. 

Precautions were emphasized against 
having magnesium anodes suspended 
tanker compartments falling and causing 
sparks which may cause explosions. 
discussion sparking from metals 
impact was noted that sparks suffi- 
cient caliber cause explosions may 
occur readily when one the metals 
magnesium. Aluminum impurities also 
have tendency cause sparks. 

Positive venting water-filled tanks 
under cathodic protection was advocated. 
Mr. Sutton also recommended that tanks 
kept nearly full possible and 
that partly filled tanks watched care- 
fully. The use electrical welding 
other flame-producing equipment the 


vicinity cathodically protected tanks 
was called extremely dangerous. Hy- 
drogen formed result water de- 
composition around the anodes ex- 
tremely explosive and must vented 
air. 

The author also cited corrosion struc- 
tural failures inside tanks which may 
cause accidents, for example valve spin- 
dles ladders. Accumulation large 
and heavy pieces scale bulkheads 
and deckheads should avoided. One 
explosion reported have occurred 
the result dumping heavy material 

Pyrophoric iron sulfide apparently 
does not commonly occur 
the author said, but limited extent 
iron sulfide may hazardous that 
can contribute burning scale when 
welding done and also might con- 
tribute sparking impact. 


Northeast Region’s 1958 meeting will 
held October 5-8 Somerset Hotel, 
Boston. 


. 


Mechanical and 
Plumbing Contractors’ 
Associations Merge 


merger the Mechanical Contrac- 
tors Association America, Inc. and 
the National Association Plumbing 
Contractors has been approved the 
executive committees each organiza- 
tion. Reason for the merger that 
fundamental changes have occurred 
the industries the past years 
which activities members each so- 
ciety have grown more similar. More 
than half the members MCAA also 
are members the National Association 
Plumbing Contractors. Details the 
merger will worked out commit- 
tees appointed for the purpose, Annual 
convention the MCAA was scheduled 
for May 20-23, that the NAPC for 
June 30-July 


Physical Chemistry 
Process Metallurgy 
Symposium Planned 


International Symposium the 
Physical Chemistry Process Metal- 
sponsored The Metallurgical Society 
AIME cooperation with the Physi- 
cal Chemistry Steelmaking Commit- 
tee the Iron and Steel Division, the 
Physical Chemistry Extractive Metal- 
lurgy Committee the Extractive 
Metallurgy Division, and the Melting 
and Casting Committee the Institute 
Metals Division. 

General topics for the four-day sym- 
posium are: 

Physical Chemical Principles: 
Theory and behavior metal solutions 
and oxide phases; Electrochemistry 
behavior fused salts and electrochemi- 
cal reactions; Pyrochemistry reactions 
between slag, metal, gaseous and solid 
oxide phases. 

Transport Phenomena: Principles 
kinetics; reaction rates, mass and 
energy transport; Electrochemical 
phenomena, electrode reactions and elec- 
trolysis; Pyrochemical reaction 
mechanisms. 

Application Physical and Chemical 
Principles Processes— 
Thermodynamics, Kinetics, Mass and 
Energy Transfer: Communition; 
Leaching, solution and phase separation; 
Roasting and agglomeration; Re- 
duction and smelting; Gaseous, liquid 
and solid phase refining; Casting and 
solidification. 

Application Operations: Research 
and statistical methods process con- 
trol. 

Technical papers all areas proc- 
ess metallurgy are invited for presenta- 
tion this symposium. addition 
having reports the results new 
basic research, planned emphasize 
the program the use fundamental 
tacts for obtaining better understanding 
and better control the new and the 
traditional methods for producing the 
various 

Deadline for submission papers 
January 1959. Anyone planning 
participate the should 
write Professor John Elliott, Room 
8-109, Massachusetts Institute Tech- 


ASSOCIATION CORROSION ENGINEERS 


nology, Cambridge 39, Massachusetts, 
who serving programs chairman. 
Professor Law McCabe Carnegie 
Institute Technology, conference 
chairman. 

proceedings the symposium will 
issued. 

The Metallurgical Society AIME 
constituent unit the American 
Institute Mining, Metallurgical, and 
Petroleum Engineers. 


NBS Salt Water— 


(Continued From Page 81) 


Equipment Described 


Currents and potentials were meas- 
ured with both recording- and indicating- 
type instruments. Protective potentials 
electronic balancing unit which actuated 
motor-driven voltage divider that ap- 
plied current the specimens. Currents 
required maintain these potentials 
were compared with the currents indi- 
cated changes-in-slope, referred 
“breaks,” cathodic polarization curves 
obtained control specimens. The 
polarization curves were obtained auto- 
matically using synchronously driven 
voltage divider and two-pen (current 
and potential) recorder, 

Under both stagnant and aerated ex- 
posure conditions, the best degree 
cathodic protection was attained —0.77 
volt with reference saturated calo- 
mel electrode. Although good (but 
lesser) degree protection was noted 
potentials more noble than 
volt, this degree protection could not 
obtained lower current densities. 
Therefore, —0.77 volt was considered 
the optimum protective potential. 

was found that the applied currents 
indicated the breaks cathodic 
polarization curves agreed reasonably 
well with the currents required main- 
tain polarization —0.77 volt. The 
break current, which also was observed 
related the corrosion current 
good measure the current required 
for optimum protection. some the 
experiments, short preliminary period 
exposure without protective current 
greatly reduced the amount current 
initially required for cathodic protection. 


1. Current and Potential Relations for the 
Cathodic Protection of Steel in Salt Water. 
By W. J. Schwerdtfeger. J. Research NBS, 
60, No. 3 (1958) RP 2833. 

2. Potential and Current Requirements for the 
Cathodic Protection of Steel in Soils, By 
W. J. Schwerdtfeger and O. N. McDorman. 
J, Research NBS, 47, 104 (1951) RP 2233. 


BOOK NEW 


Bulletin The India Section, The 
Electrochemical Society. pages, 
inches. The Electrochemical So- 


ciety, Indian Institute Science, 
Bangalore India. Price 


The issue examined was Vol. No. 
January, 1958. Included the contents 
was paper “Vapour Phase Corrosion 
Inhibitors, Part Different Types and 
editorial, after commenting the in- 
creasing interest corrosion control 
several papers published the subject, 


metal finishing, discussion rare metals 
and symposium corrosion metals 
arranged the India Science Congress. 


Wear. inches. Elsevier Pub- 
lishing Co., Spuistraat 112, Amster- 
dam-C, The Netherlands. Per 500-pag 
Volume, $15.00. 

Received were August, October 

December, 1957 and February, 

issues, being Issues 1-4 inclusive, Vol 

ume The magazine, identified 

Journal Fundamental 

Friction, Lubrication, Wear and Thei 

Control Industry,” lists editoria 

and advisory board consisting mem 

bers from Scotland, Australia, England 

Russia, United States, India, Germany 

Holland, Switzerland, Italy, 

and Japan. 

The publication intended cove 
frictional and mechanical damage due 
wear, testing, wear prevention, statistic 
and other aspects the wear problem 
Articles German and English appea: 
the first issues. 

Also included are sections abstracts 
(in English); bibliographies, recen 
events, coming events and notes 
contributions. Battelle Review’s Sys 
tematic Abstracts Current 
are being 


ASTM Standards Light Metals and 
Alloys. 306 pages, inches, paper. 
December, 1957. American Society for 
Testing Materials, 1916 Race St., Phil- 
adelphia Pa. Per copy, Non-Mem- 
bers ASTM, $3.75. 

Covers aluminum and its alloys, cast 
and wrought magnesium and magne- 
sium alloys, cast and wrought methods 
testing, light metals. The volume 
consists the collected standards and 
tentatives the light metal field prepared 
Committees B-7 light metals and 
alloys; B-6 die castings; B-1 
aluminum wire and cable; meth- 
ods testing and E-3 chemical 
analysis. 


Attenuation Gamma Rays and Neu- 
trons Reactor Shields. Herbert 
Goldstein, Nuclear Development Corp. 
America. 295 pages, paper. Super- 
intendent Documents, U.S. Gov- 
ernment Printing Office, Washington, 
D.C. Per copy, $2. 

thorough exposition the funda- 

mentals involved shielding against 

neutron and gamma radiation. Calcula- 
tion methods attenuation neutrons 
and gamma rays. 


PERIODICALS 


Tetsu-To-Hagane Abstracts No. (Ab- 
stracts from the Journal the Iron 
and Steel Institute Japan.) 
English. pages, 10% inches, 
Dec. 1957. The Iron and Steel 
Institute Japan, Naga-14-go-kan, 
Marunouchi-2-chome, Chiyodaku, To- 
kyo, Japan. Per copy, $1. 

The abstracts cover the publications 
the journal during 1955. Abstracts con- 
sider such topics ferrous materials, 
refractories, manufacture pig iron, 
steel making, casting iron and steel, 
fabrication, properties and physical met- 
allurgy, chemical analysis, reviews and 
miscellaneous. One paper considers ef- 
fects silicon and carbon the corro- 
sion resistance acid resistant high 
silicon iron. 
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Aluminum 


Aluminum-Lithium alloy, designated 
developed the Air Research 
Testing Committee and the Alu- 
ninum Company America, lighter 
han conventional alloys but 
tantially higher elastic modulus. will 
degrees higher than conventional 
illoys. 

Aluminum Company America, (743) 
Bldg., Pittsburgh 19, Pa., has de- 
veloped new sheet alloy processing 
finish stain resist- 
properties. Present use the 
nanufacture cooking utensils, jew- 
‘Iry, optical frames, appliance trim and 
products calling for lustrous, 
enduring finish. 

Alcoa Fabricating Facilities the title 
new 14-page booklet pictorially de- 
scribing the engineering services and 
complete array metalworking tools 
available Aluminum Company 
jobbing facilities. Alcoa, 1501 
Alcoa Bldg., Pittsburgh, Pa. 


Ormet Corp., producers aluminum, 
has opened new plant, which under 
full production will produce 180,000 tons 
primary aluminum annually. The firm 
co-owned Olin Mathieson Chemi- 
cal Corp. and Revere Copper and Brass, 
Inc. The plant located between Clar- 
ington and Hannibal, Ohio, the Ohio 
river. 

Gulton Industries, Inc., Metuchen, J., 
manufactures aluminum welder 
which welds with high frequency sound 
vibrations. Thin sheet aluminum can 
welded for air tight packaging foods 
and other substances. Use the ultra- 
sonic welder for joining electrical con- 
nections projected. 


United States Steel Corp. plans enter 
the aluminum coated steel sheet market. 
Commercial production USS alumi- 
num coated sheets will follow facility 
modification program the Irvin 
Works near Dravosburg, Pa. 


Anodes 


Corrosion Services Incorporated, 
7343, Tulsa, Okla., has published 
pamphlet, “The Truth About the Cur- 
rent efficiency the Galvomag 
Anode,” giving comparative test data 
show only negligible difference 
current efficiency between Galvomag 
and another type anode. Principal 
asset Galvomag, the pamphlet says, 
its high potential. 


Cleaning 


booklet based years experience 
the field, now available from Bran- 
son Ultrasonic Corp., Brown House 
Rd., Stamford, Conn, The 24-page Bul- 
explains practical applica- 
tions and basic principles this modern 


‘leaning method well design 


equipment. Speed, thoroughness, and 


GENERAL NEWS 


ability clean intricate parts without 
dismantling them are assets the 
process. 


Coatings—Organic 


IFCO Catalytic, Industrial Finishes 
Company’s catalytic coating can used 
chemical treatment, rust-inhibitive 
coating and primer for top coat sys- 
tems according the manufacturers. 
200-hour salt spray Government 
test, relative humidity percent and 
for 1500 hours the coating showed 
deterioration. The coatings, used 
Radio Corporation America, were 
found oil resistant, alkali, acid and 
heat resistant. They may applied 
almost all metals, wood, glass and con- 
crete. They cannot used primer 
coat where nitrocellulose acrylic 
lacquer top coat used. Any 
other system painting suitable. 
More information available writ- 
ing Industrial Finishes Co., Inc., 1119 
Land Title Bldg., Broad Chestnut 
Sts., Philadelphia 10, Pa. 


Charcote CIC-21, made the Charles- 
ton Rubber Co., Stark Industrial Park, 
Charleston, C., liquid Neoprene 
protective coating with “built-in” 
primer. Outstanding qualities are its 
ease and flexibility application, excel- 
lent long lasting resistance weather- 
ing, chemical fumes, salt spray and cor- 
rosion creep, and very good resistance 
impact and 


Minnesota Mining and Manufacturing 
Co., 900 Bush Avenue, St. Paul, Minn. 
making available for the first time, 
two latex forms fully-saturated hal- 
ofluorocarbon rubber intended for in- 
dustrial application requiring extreme 
resistance corrosive chemicals and 
heat. Until now the copolymers chlo- 
rotrifluoroethylene and vinylidene fluor- 
ide made the Chemical Products 
Group and known “Kel-F” brand 
elastomers have been available only 
gum resin form. 


Landau Co., Carlstadt, has 
organized special finishes research 


Nowery Smith Co., Houston, Tex., 
operating hot-dip zinc galvanizing 
kettle measuring feet, inches long, 
feet, inches deep and feet, inches 
wide. Structural steel beams 
feet long can galvanized double- 
dipping. The company also offers other 
corrosion preventive processes including 
metallizing, pickling and oiling and 
prime-coating and painting. 


Ditch Padder 


Crutcher-Rolfs-Cummings ditch padding 
machine which screens and 
dug from the ditch padding for the 
pipe being marketed. Rocks and par- 
ticles too large through the mov- 


ing screen are carried off the side. 
The screen the form endless 
steel wire grid, rotating shaker 
track system. 


Electrical Motors 


Climatized Vertical Hollow Shaft motor 
made the Louis Allis 427 
Stewart St., Milwaukee Wis. can 
used both indoors and outdoors without 
protection. Recent advances insulat- 
ing materials provide optimum 
ance moisture and chemical contami- 
nants, company spokesmen say. 


Engineering 


Evidence increasingly world- 
wide awareness that corrosion losses 
can drastically reduced contained 
report global corrosion work 
being done Services, Inc., 
New York, Two Navy sea- 
plane ramps ‘Bermuda; 
pier the Free Port Monrovia, 
Africa, where the above water portion 
steel piers, already partially rusted, 
protected encasement with rein- 
forced concrete; entire corrosion pro- 
tection system for extensive Army 
installations Okinawa and three pipe- 
line contracts the United States are 
keeping the company’s corrosion en- 
gineers busy. 


Fittings 


Babcock Wilcox Co., 161 42nd St., 
New York, has published new 
folder which explains how money and 
time can saved ordering fittings 
and flanges which are produced close 
dimensional tolerances. Bulletin FB-504 
can obtained writing the sales 
office, Beaver Falls, 


Heat Exchangers 


Thermek, Bi-Metal extended surface 
heat exchangers are made with %-inch 
OD, 18-gauge stainless steel tubes over 
which 12-inch SPS aluminum tubes 
spined with radial spines are shrunk. The 
radial spines give high capacity, manu- 
facturers, Heatron, Inc., York, Pa. say. 


Inhibitors 


Daniels- Midland Company, 700 
Investors Building, Minneapolis 
Minn., has begun semi-commercial pro- 
duction primary aliphatic amines, 
fatty nitrogen compounds with many in- 
dustrial and chemical applications. 
George Nelson, ADM director de- 
velopment said the materials are the 
first series fatty nitrogen chemi- 
cals which ADM will produce. The 
fatty amines are used for corrosion in- 
hibition, surface active agents, ore flota- 
tion, rubber compounding, textile auxil- 
iaries and chemical intermediates. 
(Continued Page 84) 
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Instruments 


National Cylinder Gas Co., marketer 
the first electronic line tracer for 
flame shape-cutting machines the 
United States. The device was de- 
veloped for NCG Canadian Westing- 
house Company, Ltd. The instrument 
adaptation newly-developed opti- 
cal systems. steers metal- 
cutting torches scanning “reading” 
ordinary pen pencil line drawings. 
Savings costs pattern preparation 
are significant, spokesmen say. 


The Ultrasonic Flaw Plotter for in- 
spect castings and forgings armor 
plate said the manufacturers, Alcar 
Instruments Inc., Little Ferry, 
among the firm’s most important de- 
velopments. Alcar Instruments was re- 
cently acquired Narda Ultrasonics 
Corp., Mineola, Alcar will op- 
erated independent subsidiary. 


The W-2 Wilkinson Line Locator 
newly developed compact, highly ef- 
fective electronic locating instrument for 
all subsurface structures, the 
makers, Wilkinson Products Co., say. 
Lightness, compactness and trouble-free 
service are features stressed the 
For more information 
write the company 3987 Chevy Chase 
Drive, Pasadena California. 


Unit Process Assemblies, Inc., West 
4th New York has de- 
veloped right angle probe for testing 
most coatings and films the inside 
diameters pipes, bores castings and 
other parts with internal diameters 
small one-half inch, with special 
probes being able test even smaller 
diameters. Using the Dermitron instru- 
ment, only two seconds are required 
test coating thickness. The probe oper- 
ates eddy-current principles. 


the last duty done.” 


achievement. 


savage assaults of subsurface corrosion forces. 


today and every day. 


1150 
McCarty 
Drive 


AYES 


FUTURE 


“The best preparation for the future 
the present well seen to, 


—George MacDonald 


While long-range planning great importance the development any company, can 
prove entirely futile unless based upon the solid foundation conscientious day-to-day 


For the accumulaticn single actions that determines company’s reputation, And 
good reputation for superior performance is the best insurance for a bright future. 


This the premise upon which Mayes has built 28-year reputation for quality crafts- 
manship, using quality materials, in pipe coating and wrapping. Every Mayes’ job is and has 
been an important job performed with maximum efficiency to assure permanence under the most 


Thus, we plan for our future today — in large part by insisting on doing the best job possible 


HOUSTON, TEXAS 


Gardiner Electronics Co., 2545 In- 
dian School Road, Phoenix, Ariz., has 
developed new transistor pipe locator 
and metal detector with maximum 
range feet. uses eight tran- 
sistors, one the transmitter, seven 
the receiver. has four flashlight bat- 
teries, two the receiver which last 
3000 hours and two the transmitter 
which last 350. 


Laboratories 


Pont Nemours and Com- 
pany, Inc., Wilmington 98, Delaware 
has opened new $5,000,000 laboratory 
which will provide service customers 
and evaluate new improved products 
the Pont Company’s electrochem- 
icals and pigments departments. The 
laboratory contains 81,000 square feet 
floor space, including 150 separate 
rooms, laboratories and demonstration 
areas. There are 130 technical trained 


staff members. 


Stoner Mudge Co., division Ameri- 
can-Marietta Co., Pittsburgh, has more 
than doubled its laboratory facilities, 
providing total working area al- 
most 14,000 square feet. The firm pro- 
duces all kinds coatings for the con- 
tainer, paper, appliance, automotive, tex- 
tile, metalworking and plastic industries. 


Nicolet Industries, Inc. has opened re- 
search and development center Flor- 
ham Park, for control and testing 
its own and other products. Modiglass 
Fibers, Inc. Nicolet component, 
will located the center. 

Gordon and Campbell, Consulting 
Chemists, Brookfield Way, Morris- 
thermoanalytical research techniques 
industrial problems. Saul Gordon and 
Clement Campbell are the principals. 


Temco Aircraft Corp. will add 52,000 


square feet its Garland engineering 
center in connection with its new activi- 


2-7566 


ties prime contractor for missiles, 
aircraft and electronic systems. The 
center will have over 150,000 feet 
floor space. 


Metals—Ferrous 


Lukens Nine Nickel, alloy plate with 
high impact resistance and high strength 
available from Lukens Steel Company, 
prices about one-half the cost other 
materials used low temperature serv- 
has minimum tensile strength 
90,000 psi and minimum yield 60,000 
psi. 


The Bell Telephone Co. uses stainless 
steel pole line hardware extremely 
corrosive environments, Wire, cross- 
arms, and auxiliary equipment are made 
stainless steel instead the usual 
hot dip galvanized carbon 
mally used. The company calculates 
life the stainless steel will equal that 
galvanized carbon steel used nor- 
mal corrosive atmospheres. 


Metals—Non-Ferrous 


Bart Manufacturing Corp., Belleville, 
has enlarged its facilities for the 
nickel cladding steel plate, sheet, 
heads and fabricated shapes the 
“Bart Lectro-Clad” process. Facilities 
are now available for nickel cladding 
steel heads 132 inches diameter 
inches deep, sheet and plate 
inches 246 inches and 132 inches 
132 inches, and shapes inches 
144 inches. 


Titanium Welding, 3l-page bulletin 
published Titanium Metals Corp. 
America describes and illustrates vari- 
ous welding techniques. Fusion welding 
equipment and procedures, resistance 
welding and evaluating weld quality are 
all considered. Various weldments typi- 
cal different welding 
quired are pictured and explained. For 
more information write for Bulletin 
Titanium Metals Corporation Amer- 


ica, 233 Broadway, New York 


Anadite, Inc., 10630 Sessler St., South 
Gate, Cal. recently produced the first 
chemical milling titanium for mis- 
siles. The parts processed were titanium 
spheres made Rheem Corp. and used 
help control propellant flow into the 
combustion chambers the Atlas 
ICBM. 


Inconel 702 and Incoloy wire, rod 

and strip usable respectively tempera- 

tures 2400 and 1700 are being 

Techalloy Co., Inc., Rahns, 


Plants 


Ladish Co., Cudahy, Wis. has opened 
new manufacturing plant, sales service 
office and warehousing facilities 
Houston, Texas 1301 West Belt 
Drive, North. The Texas division will 
serve the area with pipe fittings, corro- 
sion resistant valves, saw blades, drop 
forgings and rolled rings. 


(Continued Page 86) 
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so, consider the record being es- 

tablished Rome Synthinol 901, 

special 90° PVC compound for wire 

insulation and sheathing. has 

helped solve impressive list 

difficult wiring problems. 
Developed Rome Cable’s lab- 

oratory and first introduced 1949, 

Rome Synthinol 901 has proved 

test and actual use superior 

conventional PVC compounds the 

following ways: 

Suitable for continuous operation 
higher temperature (90°C). 

More stable under severe heat cy- 
cling. 

Suitable for continuous immersion 
hot transformer oil. 

Superior resistance chemicals 
and solvents. 

Greater resistance heat defor- 
mation. 


‘300 GRAM LOAD 


STNTHINOL, 
901 


z 
« 
w 
a 
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= 
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90 100 no 120 130 140 
TEMPERATURE — OEG C 
DEFORMATION OF POLYVINYL CHLORIDE ON WIRE ‘1 


Graph shows heat deformation vs. tempera- 
ture, and compares Synthinol 901 with con- 
ventional PVC compounds. Test run in ac- 
cordance with Underwriters’ Laboratories 
standard procedure, except for temperature. 


The practical value this com- 
pound can best illustrated 
describing number actual case 
histories. 


(1) Oil refinery, industrial and 
chemical plant wiring. 
Plant and oil refinery engineers have 
long used conventional PVC insula- 
tions for plant wiring with good re- 
sults, but too often heat deformation 
problems arose warm locations. 
Since Rome Synthinol 901’s supe- 
rior deformation 
gested that might the answer 
this problem, was tried and soon 
became widely used because its 


GENERAL NEWS 


Troubled with wiring failures your refinery 


much better service record. 

Synthinol 901 also proved far 
superior conventional materials 
for chemical plant wiring where the 
corrosive action chemicals and 
solvents has always been tough 
problem. Although polyvinyl chlo- 
rides class have inherently bet- 
ter resistance chemicals and sol- 
vents than many other materials, 
some engineers desired even further 
improvement. One user decided 
test number samples over long 
period immersing them various 
concentrations acetone, different 
alkalis, and butyric, propionic, and 
acetic acids. The results this care- 
ful evaluation showed clearly that, 
when exposed these chemicals, 
Synthinol 901 would last longer than 
any other PVC tested. 


(2) Oil-filled transformers. 


Transformer engineers have long 
sought cable construction re- 
place varnished cambric-insulated 
cable for leads oil-filled trans- 
formers. These leads connect trans- 
former windings and bushings and 
are constantly immersed hot oil. 
One transformer manufacturer, en- 
couraged successful experience 
with Synthinol 901 other appli- 
cations, undertook comprehensive 
study the possible usefulness 
this insulation lieu varnished 
cambric for high-voltage transform- 
leads. This study extended over 
several-year period and proved 
those engineers involved that there 
were least four reasons for stand- 
ardizing Synthinol 901 for this 
application: 
There was less sludge the oil 
than when insulation was used. 
There was harmful degrada- 
tion the electrical properties 
the oil. 
Conductors insulated with Syn- 
thinol 901 ran cooler, permitting 


increase lead cable cur- 
rent rating. 


The use Synthinol 901 lieu 
would permit substantial 
dollar savings. 


(3) Coil leads. 


Many manufacturers small coils 
for relays, small transformers, small 
motors, and electronic components 
have tried use PVC insulated lead 
wires for many years. Typically, 
these leads are crimped soldered 
the ends the coil; and the whole 
coil then impregnated with var- 
nish wax and baked long 
hours temperatures high 
150°C. The varnish used may 
asphaltic, phenolic, alkyd, etc.; and 
the wax may paraffin, beeswax, 
carnauba, another kind. 

PVC insulated lead wires fre- 
quently produced serious produc- 
tion problems because the insula- 
tion’s tendency shrink, crack, and 
stiffen during the impregnation and 
subsequent baking period. Synthinol 
901 was substituted place the 
ordinary PVC insulation and, after 
nearly eight years wide usage, not 
single case shrinkage, cracking, 
stiffening insulation involving 
Synthinol 901 has been brought 
our attention. 

These case histories describe just 
few the applications for which 
Rome’s Synthinol 901 has proved 
especially effective. Perhaps they 
will suggest other applications 
your own area which might also 
better handled with Rome Synthinol 
901 instead conventional PVC 
compound. you have wire 
cable problem that might solved 
with Rome Synthinol 901, why don’t 
you get touch with us? Contact 
your nearest Rome Cable repre- 
sentative for more information—or 
write Department 320, Rome 
Cable Corporation, Rome, 


ROME CABLE 
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Plastics 


Plaskon Laminating Varnish V-204, 
new phenolic laminating resin developed 
Barrett Division, Allied Chemical 
Corp., retains its high strength 500 
600 Its strength said exceed 
that the chief competitive phenolic 
formerly utilized fabrication light- 
weight radomes, missile heads and com- 
plex-shaped structural aircraft parts. 


Munray Products Co., Cleveland, Ohio 


vinyl chloride tubing. The flexible 


PROVED 


tubing, 310 recommended for 
general laboratory use and for convey- 
ing foods and liquids where slight 
imparted taste unobjectionable. Tiny 
air bubbles, very small impurities 
can seen through the clear tubing. 
resistant weak acids and al- 
kalies, will handle light slurries. Op- 
erating temperatures range 175 


Pumps 


Ampco Metal, Inc., 1745 South 38th 
St., Milwaukee 46, Wis., have recently 
(discharge) 316 stainless steel pump 
its line. Some features are, one-piece 
sleeve and impeller eliminate shaft 
wear and corrosion attack without 
gaskets; corrosion-resistant drip basin 


MILES MILES 


MILES MILES MILES MILES 
MILES 


MILES 


MILES 
MILES 
MILES 
MILES 


50% FASTER PIPE LINE- 


TIME 


PERRAULT PNEUMATIC 


INSIDE LINE-UP CLAMP 


Eliminates Hammering Pipe 
Into Round! 


Air-operated studs, expanding 
inside pipe, bring both joints 
into true round, mating them 
center-to-center. Operates from 
own air tank. Pulls easily through 
the line. Available four sizes 
from 20” through 36” diameter 
pipe ... rental basis only. 
glad give you demonstra- 
tion how this clamp can give your 
next bid edge. Just phone 


LUther 5-1103 Tulsa. 


EVERY THING FOR 
THE PIPELINER! 


Line Traveling and Stationary 
Coating and Wrapping Ma- 
chines, Cleaning and Prim- 
ing Machines, Pneumatic 
Clamps. American 
Tar-Heating Kettles, Patch- 
pots, Burners, parts and ac- 
cessories. Esco Digging Teeth 
Pipe Protection Materials 
Kraft, Asbestos Felt, Glass 
Wrap and Rock Shield. Gen- 
eral Supplies—Hooks, Blocks, 
Line-Up Clamps, Sling Belts, 
Cradles, Hand Tools, mater- 
ials, supplies and equipment 
for the Pipeliner. 


Vol. 


integral part the casing; and 
alloy splash plate which covers and 
protects the motor pedestal. 


Valves 


Cooper Alloy Corp., Hillside, J., 
makes stainless steel renewable disc 
valves useful handling corrosive 
chemicals, petroleum products, spirits, 
gases and slurries. The valves have re- 
newable discs and extra lift re- 
move the disc from the flow area and 
minimize line entrapment and pressure 
drop. 


Wood 


Synthetic Wood has been produced 
the laboratory Battelle Memorial In- 
stitute, Columbus, Ohio. The material 
soon may supplement the nation’s nat- 
ural lumber supply. The new substance 
was developed from Portland cement- 
based material that has many the de- 
sirable properties wood for the Wells 
Manufacturing Co., South Bend, Ind. 
can sawed, nailed, glued, and worked 
with woodworking tools. 


Charles MacGuffie, General Electric 
Co. has been elected first vice-president 
American Welding Society. 


MacKenzie has been elected presi- 
dent American Smelting and Refin- 


ing Co. 


Winslow Hartford has been named 
research supervisor; William Weed, 
principal engineer and George Best 
has become technical adviser the gen- 
eral manager Solvay’s research center 
Syracuse, 


Harold McGregor, Fitchburg, Mass., 
the recipient the Distinguished 
Service Award for 1958, citation given 
each year the member the Me- 
chanical Contractors Association 
America, Inc. who has made the most 
outstanding contributions both the 
industry and the national Association. 


Carl Franklin Hoffman, Bethlehem Steel 
Corp. received the tenth David Ford 
McFarland award for achievement 
metallurgy presented the Penn State 
Chapter the American Society for 
Metals banquet May Mr. Hoff- 
man expert iron blast furnace 


operation. 


Taylor Marshall has been elected 
vice president Pittsburgh Coke 
Chemical Co. will responsible for 
production, marketing and sales pig 
iron, ferromanganese, coke and coke by- 
products. will also charge 
long-range raw materials planning. 
also general manager the coke and 
iron division the company. 


Hollomon the General Electric 
Research Laboratory was chosen the 


basis his contributions 
knowledge the field physical metal- 


(Continued Page 87) 
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(Continued From Page 86) 
lurgy receive Medal 
for 1958 given the Institute Metals 
London, England. 


Paul Steen has been appointed man- 
ager distributor sales tor the Narda 
BBA graduate New York univer- 
sity, and has studied electrical engineer- 
ing Adelphia college. has both 
technical and administrative work-back- 
ground, having been electronics in- 
structor and advertising manager. 


Gerald Moran has been appointed 
vice president the chemical and metal- 
Products, Inc. Mr. Moran will have 
over-all responsibility for the firm’s 
chemical and metallurgical division, parts 
division, and Sylvania Home Electronics, 
Sylvania 

Robert Owens was recently elected 
the board directors Nicolet Indus- 
tries, Inc. Mr. Owens also director 
John Wood Industries, Ltd. and vice 
president and treasurer two subsidiary 
companies. Nicolet Industries, Inc. pro- 
duces asbestos papers and boards, pipe 
coverings, sheets asbestos 
pipe wraps and other like materials. 


Richard Hurley the newly ap- 
pointed technical sales representative for 
the metal working chemicals division 
the American Chemical Paint Co., 
Ambler, Pa. will have offices St. 
Joseph, Mo. and will cover Minne- 
sota, North and South Dakota, Colorado 
and Nebraska. 


John Rudge was recently elected 
vice president Carlon Products Corp., 
Cleveland, Ohio. will responsible 
for the Southeastern district. Mr. Rudge 
has headquarters Asheville, 
where the Carlon plant 
pipe. April, the firm began manu- 
facture new plastic pipe, Carlon 
for sewer and drain use. The firm also 
manufactures Kralastic, PVC, and poly- 
ethylene fittings. 
Mayfield was elected president 
the American Wood Preservers’ Asso- 
ciation the association’s annual con- 
vention Los Angeles, April 14-16. 
Mr. Mayfield, Barrett Division, Allied 
Chemical Dye Corp., has been asso- 
ciated with the wood preserving industry 
for years, starting with wood pre- 
serving company right after graduation 
from college. joined Barrett Division 
technical consultant wood pre- 
servatives and industrial pitch 1949 
and now manager industrial tar 
products sales. 

Erickson now technical super- 
visor, industrial tar products sales 
Barrett Division, Allied Chemical Corp., 
New York. Mr. Erickson joined Barrett 
Prior this operated his 
own commercial testing and consulting 
laboratory, and was chemist with the 
Texas 


Gustav Hoglund has been elected 
president the American Welding 
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Society. Mr. Hoglund head the 
welding section the Aluminum Com- 
pany America Process Development 


Laboratory. has been with the firm 
since 1928. 


Frederick Wood has been elected 
assistant the vice president (publicity 
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for reliable protection. 


ELECTRIC MFG. CO. 
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and advertising), Dr. Vladimir Hospa- 
daruk has joined the staff the research 
laboratory Bayonne, and Marcel 
Cordovi has joined the staff the 
atomic power developments section 
the development and research division 
International Nickel Co., Inc. 

Mr. Wood has supervised the com- 
pany’s corporate advertising and indus- 
trial publicity since 1947, and directed 
its motion picture activities since Aug- 
ust, 1950. will oversee and respon- 
sible for co-ordinating all publicity and 
advertising activities for the company 
and subsidiaries. 

Mr. Hospadaruk author several 
papers the field electrochemistry. 
honor graduate McGill uni- 
versity, Montreal, and holds PhD 
electrochemistry from that school. 
has both teaching and industrial back- 
ground, 

Mr. Cordovi, prior his association 
with International Nickel, served 
manager the materials 
department the atomic energy divi- 
sion the Babcock and Wilcox Co. 
Since 1950, also has been consultant 
metallurgical engineering the 
Brookhaven National Laboratory the 
Atomic Energy Commission Upton, 
and adjunct professor metal- 
lurgical engineering the Polytechnic 
Institute Brooklyn. 

Dr. Robert Mehl, Carnegie Institute 
Technology, was one men 
elected membership the National 
Academy Sciences, Washington, 
April 29. Mr. Mehl was cited for 
tinguished achievements original re- 
search.” The National Academy 
private organization chartered Con- 
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gress during the presidency Abraham 
Lincoln for the furtherance science 
and its use for the general welfare. 
required its charter advise the 
government scientific matters. 


George Bills has been named Chi- 
cago regional sales representative for 
the Johns-Manville Dutch Brand Divi- 
sion. The firm makes industrial tapes, 
adhesives and rubber products. 

Dolores Ombres has been named super- 
visor chemical service laboratories 
the chemical research and development 
department Hagan Chemicals 
Controls, Inc., Pittsburgh, Pa. Much 
her duty the firm’s laboratories 
division working industrial water 
consultation. 

Salvatore Piccione has joined the re- 
search and development department 
Pittsburgh Coke Chemical Co. 
physical chemist, will assigned 
the analytical and physical research sec- 
tion the laboratory. 


John Thomas has resigned vice 
president Price Co. order 
devote more time his personal af- 
fairs, particularly his cattle ranch near 
Bartlesville, Okla. 


Lew Phillips has been appointed 
district manager, gas industry sales for 
the Great Plains States with headquar- 
ters Kansas City, Missouri. The firm 
one the Dresser Industries, Inc., 
Bradford, Pa. 


Vsevolod Krivobok, well-known au- 
thority stainless steels and supervisor 
the stainless steel and heat-resistant 
alloy section the development and 
research division the International 
Nickel Co., Inc., died May 17. was 
graduate St. Petersburg, Russia, 
Polytechnic Institute and Harvard 
University, 


William Blum, noted scientist Wash- 
ington, won the first annual Scien- 
tific Achievement Award given the 
American Electroplaters’ Society. From 
1913 his retirement 1951, was 
head the electrodeposition section 
the National Bureau Standards. 
has been consultant since his retire- 
ment. 


Irl Schoonover has been appointed 
acting associate director for planning 
the National Bureau Standards. 
succeeds Golovin who has been 
appointed chief scientist the Army’s 
White Sands Missile Range. Mr. Schoon- 
over will continue chief the mineral 
products 


Quandt Adams has been named 
senior technical man the new 
Goodrich Chemical Co., glacial acrylic 
acid plant Calvert City, Kentucky. 
previously worked the develop- 
ment the acrylic acid process the 
company’s development center, Avon 
Lake, Ohio. 


Kenneth Donle has been appointed 
chief engineer the Tube Reducing 
Corp. his new post will direct 
all engineering activities. Tube Reduc- 
ing manufactures cylinder-finish seam- 
tubing, compression-formed 
tubing and the “Niphos” process corro- 
sion-resistant coating. 
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How Make 
“Corrosion 


SIMPLE machine will demonstrate 
how the power generated the 
corrosion two metals similar com- 
position but differing physically their 
surfaces will operate electric motor. 
Rusty aged iron pipe and clean bright 
iron pipe when immersed solution 
will produce power sufficient for this 
purpose. 

The reaction like that occurring 
when dissimilar metals, such copper 
and iron, galvanized iron and copper 
combination all three materials plus 
brass are coupled electrolyte. 
Home plumbing systems are 
ample this type assembly com- 
monly encountered. 

Potential differences between metallic 
structures solution have been tabu- 
lated many investigators and may 
found nearly all books corrosion. 
The result combining galvanized iron 
pipe and copper tubing often observed 
the home will obvious 
presentation. 


Characteristics the solution 
which metals are immersed, that any 
aqueous mixture, are important the 
corrosion reaction. The solution may 
brackish salt marsh moist garden 
soil that has been fertilized. Humidity 
the air above the water storage 
tank may high enough make 
conductor for electrical current. 


The factor index relative 
acidity the solution indirect in- 
dex the hydrogen-iron activity 
corrosivity the materials involved. 
Generally speaking, the number 
decreases the corrosivity increases, that 
is, soil solution more corrosive 
the basis the internal corrosion 
control used the City San Diego 
its distribution pipe line system. 
About tons calcium carbonate 
used during average summer day 
the Alvardo Filtration Plant help 
purify and control the the water. 


The electrical power de- 
veloped simple cell with short 
lengths pipe can shown readily. 

30th soil and tap water may used 
simulate actual conditions. Approxi- 
mately six inches each copper, 
galvanized and black iron pipe are used 
with elbows and nipples demonstrate 
how much power developed cor- 
rosion simple plumbing connections. 


*% A version or a discussion prepared by R. 
Cc. Tullis, San Diego, Cal. and presented 
and displayed by him during Engineering 
Week at San Diego in February, 1958, at 
the American Water Works Association 
Conventions in 1956 and 1957, He has de- 
scribed the “corrosion before nu- 
merous groups and finds it helpful in ex- 
plaining the electrochemical nature of the 
corrosion process, 


Figure this model the “corrosion motor” 0.50 volt terminal voltage and 0.001 ampere 
current, the armature will rotate rpm. develops about one-half “flea Power 
cell the left consists brass and black iron pipe segments connected with appropriate el- 
bows and insulating nipple the bottom. Electrolyte tap water. The fast shutter the 
camera “stopped” the rotating armature this photograph. 


Mud, Distilled Water Used 


cell that may used for this dem- 
length black iron pipe with 
scale and grease removed and 6-inch 
length clean copper tubing. 
These are joined the bottom with 
appropriate elbows and nipple. This 
“soupy” mixture distilled water and 
tidal mud which has the 
start the experiment. most stand- 
ards, this soil termed “very corro- 

Another cell can composed 
6-inch lengths each galvanized 
iron pipe and black iron pipe that 
has been thoroughly cleaned. This unit 
made the same manner the 
first cell and immersed solution 
soil from Chollas Station, San Diego. 
termed “quite corrosive” present 
standards. 

Another possible cell 
length brass pipe and 6-inch 
length black iron pipe that 
thoroughly cleaned. glass jar filled 
with San Diego City tap water adjusted 


Motor Light Construction 


The motor light construction 
similar principle the D’arsonval 
moving coil meter. Alnico field mag- 
nets provide strong, stable, magnetic 


field. The moving coil rotor large 
enough easily seen. The number 
ampere turns wire the rotor 
calculated provide maximum torque 
with the minimum voltage available, 
that is, the zinc-iron cell voltage .38 
volts. this voltage, the motor draws 
1.5 milliamperes current resulting 
.00057 watts consumed the motor. 
This may compared about one- 
half flea power. See the cell and motor 
arrangement Figure 

When wires from the exposed ends 
the pipes are connected the poles 
the motor, the rotor moves. will 
continue move long the corro- 
sion the metals continues, proving 
that corrosion electrical phenome- 
non. 

The zinc-iron cell used this experi- 
ment can develop one-half ampere 
for short periods under ideal conditions. 
Using average home plumbing in- 
stallation example, one-tenth 
horsepower may generated the 
dissimilar metals coupled the yard. 
These may considered long line 
currents, local cell currents both 
and they are produced differences 
soil structure, differential aeration 
and differences the surface composi- 
tion the metals involved. These com- 
binations may generate currents far 
excess the galvanic couple currents 
developed this demonstration. 
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Some Physical and Chemical Properties 
Aromatic Polycarbonate Resins* 


PHYSICAL and chemical prop- 
erties the first member new 
family* plastic materials which ap- 
proaching commercial stages de- 
scribed herein. Properties and results 


tests prime interest people seeking 


new materials resist corrosion are 
emphasized. 


the new and novel field aromatic 
polycarbonate resins, the polycarbonate 
resins are characterized simple chem- 
istry which bifunctional phenols are 
joined together through carbonate 
linkage shown Figure 

The bifunctional phenol. Bisphenol-A, 
commercially, combines with carbonyl 
chloride (phosgene) give the polymer 
unit shown. Obviously, the group can 
various free positions 
rings get almost infinite variation 
properties the final polymer. Fur- 
ther, too, copolymers 
phenols and bisphenols and other di- 
hydroxy compounds can made and 
have been made. They form very in- 
teresting and versatile family new 
materials. 

This family resins presents unique 
combination strength properties which 
recommends for applications where 
strength and toughness are needed. 

The notched Izod values run about 
12-16 per inch notch. The un- 
notched Izod are somewhere 
the region greater than per inch. 
has proved impossible break 
unnotched Izod sample wide 
even when using hammer. The 
samples stretch and not 
break. 

about three years old. this test the 
saniple the form tensile bar 
held horizontally and clamped one 
end that the impact pendulum pulls 
the sample the free end cause 
tensile stress. The tensile impact values 
are said correlate much more closely 
service conditions than the notched 
Izod values. 


Figure the notched Izod values 
are the left-hand scale and the tensile- 
impact values the right-hand scale for 
the polymer compared with four 
other general purpose plastic materials. 


Temperature Reaction Tested 

Until recently the temperature boil- 
ing water was too great for most ther- 
moplastics because that temperature 
they would soften, unmold and distort. 
Temperature tests the new resin are 
section inches long mounted 
supports inches apart 
load such that tensile fiber stress 


% Extracted from a paper ‘‘Aromatie Poly- 
carbonate Resins: New Rugged Plastics," 
by K. B. Goldblum, Supervisor Development 
Unit, New Product Development Labora- 
tory, General Electric Company, Pittsfield, 
Mass. Presented at the University of Okla- 
homa Short Course on Corrosion, Norman, 
Okla., April 1-3, 1958. 

* Lexan, a trade-name of General Electric 
Company for the polycarbonate resins. 


Abstract 


Some of the physical and chemical char- 
acteristics of a new family of aromatic 
polycarbonate resins are given. The 
polymers are useful in many corrosive 
environments, including hydrocarbons of 
various kinds, sulfuric acid, hydrofluoric 
acid and hydrochloric acid. Data are 
given on Izod values, tensile-impact 
tests, water absorption, heat distortion 
resistance, electrical properties. Some 
results tests various environments 
are given, 6.6.8 


psi also used indicate the sensi- 
tivity plastics load variation this 
test. 

Figure the heat distortion point 
degrees for the resin compared 
with three other thermoplastics and 
with phenolic thermosetting resin. The 
new thermoplastic resin 
the same heat distortion temperature 
the thermosetting resins. 


water absorption molded parts 
important because moisture often af- 
fects dimensional and chemical stability, 
properties. Figure gives details the 
amount and rapidity moisture pickup 
pellets the new material about 
percent relative humidity room tem- 


Figure 1—Chemistry. 
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Figure 4—Water absorption. 


perature, the maximum 0.15 percent 
moisture absorption reached about 
4-5 days. When immersed water 
room temperature, the pellets pick 
maximum 0.35 percent water about 
5-6 days. boiling water, the maximum 
absorption 0.58 percent 
attained about one day. 

The data Figure were collected 
after hours’ immersion water 
styrene, the new resin’s water absorp- 
tion about 0.3 percent lowest. 


Dimensional Stability Good 

Molded parts have exhibited excellent 
dimensional stability under wide va- 
riety conditions. Some the condi- 
tions studied are given Table along 
with the average dimensional change 
thousands inch per inch. Interest- 
ing oil people the excellent dimen- 
sional stability hot oil the last line. 

Table gives values 
flexural and compressive strength and 
the respective modulus for each. study 
tensile strength temperature indi- 
cates that from —30 (86 +135 
(275 F), there linear relation 
between tensile strength 

(Continued Page 92) 


TABLE 1—Dimensional 


| Average 
| Dimensional 
Change 
(mils per in.) 
30 days at 70°C (160°F)...... 0 
90 days at 125°C (257°F)....... —I 
24 hours in water at RT. : 0 
4 days at 100% RH at 100°F Pouc 0 
7 days in oil at 160°F..... ore 0 
36 
300 


100 


LEXAN WYLON POLYSTYRENE ACRYLIC PHENOLIC 


Figure 3—Compartive heat distortion point (Degrees 
F at 264 psi). 


LEXAN WYLON POLYSTYRENE ACRYLIC PHENOLIC 


Figure 5—Water absorption (24 hours at room 
temperature). 
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ture. The slope this line about 
—50 psi per degree 

The tensile strength about 9000 psi 
room temperature; about 12,400 psi 
—30 and about 3500 psi 135 

The new resin has fine combination 
electrical properties some which 
are indicated Figure Note the low 
60-cycle power factor and the high 
volume resistivity and low arc resist- 
ance. This latter characteristic 
thermosetting phenolic resins. 

That the dielectric constant and espe- 
cially the power factor cycles 
maintain their values almost unchanged 
over wide temperature range shown 
Figure the heat distortion 
temperature range about 145 the 
power factor excellent. 

Table points out liquids which are 
nonsolvents, poor solvents, 
vents and those reagents which attack 
the resin readily. Among 
vents, petroleum ether, water, dilute aque- 
ous acids, aqueous salt solutions and oil 
have effect. Among the “poor solvents,” 
those which dissolve the resin very 
slowly and incompletely, are benzene and 
toluene. Among the “good solvents” are 
pyridine and some pyridine-type bases. 

The effect lubricating oils and fluids 
shown Table general the 
bars are little affected 
perature after one month the oils 
shown with the exception the pene- 
trating oil the next the last line. 
This material had amine-type com- 
ponent which, was pointed out before, 
attacks the resin. Table shows the 
effect raising the temperature 125 
parts submerged four the 
lubricating oils shown previously. Aside 
from strong darkening the parts, 
which parallels the darkening the oils 
themselves, very little change occurred 
parts both one and three months’ 
exposure. Table shows the effect 
multipurpose grease and stick lubri- 
cant. 

given. the aromatic content the 
gasoline increases the solvent power 
the benzene and toluene-like compounds 
begin take effect. The weight change 
markedly different and the dimensions 
also are somewhat sensitive these 
variations composition. These results 
are not unexpected because benzene and 
toluene are classed “poor solvents.” 
Diesel fuel, the other hand, which 
mainly aliphatic, does not affect the bars 
speak of. 

The resin non-corrosive other 
materials and combinative with other 
materials, especially metals. This con- 
firmed results test worked out 
Harold Perry the Naval Ord- 
nance Laboratory. this test the ma- 
terial ground pass 40-mesh screen 
and extracte with conductivity water. 
The extract measured for conductivity 
indication the tendency the 
material under test corrode other ma- 
terials placed contact with it. 


Molded parts have been exposed out- 
doors Pittsfield, Mass. for over year 
with apparent effect. These tests are 
continuing Pittsfield and elsewhere. 

Applications include housings for equip- 
ment protect against environmental cor- 
rosion conditions, cases for sulfuric acid- 
lead storage batteries, encapsulated coils 
wire, transparent oil bonnets which 
are satisfactory the usual oil pressure 
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about 2000 psi, valve and pump parts, 
pipe lines, tanks tank linings the 
basis acid resistance tests. 

For example, after 120 hours 
evaporator with 8-15 percent free hydro- 
fluoric 82-121 (180-250 F), the 
resin was evaluated “good.” 
acid settling tank where the parts were 
for 120 hours, resistance the parts 
was rated “excellent.” Further, 
“excellent” rating was given after 120 
hours effluent line waste tank 

another two-week test valve con- 
taining molded valve seat sub- 
(200 and 600 psi and also inter- 
mittent opening and closing. The results 


TABLE Properties 


Modulus- 
Strength-psi psi 
11,060-13,000 | 375,000 
Compressive.......... 11,000 | 240,000 


TABLE 3—Chemical Stability 


Non-Solvents Good Solvents 


Petroleum ether Methylene 
chloride 

Aliphatic hydrocarbons (hexane) Chloroform 

Alcohols (ethanol) Chlorobenzene 

Water P-dioxane 

Dilute aqueous acids 

Aqueous salt solutions 

Oil (ASTM 3) 

Poor Solvents Attacked By 
Acetone Amines 
Benzene Ammonia 
Toluene Alkalies 


Ethyl! acetate 
Nitro benzene 


Vol. 


indicated the seat was resistant the 
medium and that stood under the 
pressure. was rated about the 
material suitable for this application. 


Dielectric Strength, volts/mil 


cycles 0.0009 
cycles ------ 0.010 


Volume Resistivity ohm-cm 
Arc Resistance 10-11 seconds 


Power Factor, 


Figure 6—Electrical properties, 
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Figure 7—Effect of temperature on power factor 
and dielectric constant (60 cycles). 


TABLE 6—Resistance Polycarbonate 
Resin Bars Grease and Stick Lubricant 


Original 0.5” 0.14” 


After 3 Mo. at Room 
Temperature, Change In 


Material* 
Weight Thick- 
% ness Width 
Multipurpose Grease | +0.04 nil —0.002” 
Stick Lubricant..... +0.03 nil —0.001 


* No change in appearance. 


TABLE 4—Resistance Polycarbonate Resin Bars Lubricating Oils and Fluids 


After One Month at Room Temperature 


Change In 

OIL Weight Thickness Width Length 

of samples were in appearance. 

TABLE 5—Resistance Polycarbonate Resin Bars Lubricating Oils 
Original dimensions 2.5” 0.14” 
Change After Aging at 125C (F) In 
} Weight ness Width | Length Appearance 

Detergent . —0.095 —0.105 nil nil —0.005" | Dark* Very dark* 
Superde tergent. —0.102 —0.10 | nil nil nil V. Dark* | Very dark* 


Reflects of on aging. 


TABLE Polycarbonate Resin Bars Gasoline 


Weight 


After 1 Month at Room Temperature, Change In 


Type Gas Thickness Width Length Appearance 
+0.45% nil nil change 
High Test . +1.1 nil +0.003" +0.003” Reduced gloss 
Super High | +1.5 +0.003” nil +0.002”" Badly etched 
Ee. +0.05 nil nil nil No change 
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2.1 General 


_Some Concepts Experimental De- 
sign, Corrosion, 13, No. 11, 
739t-742t (1957) Nov. 

Large masses data industrial ex- 
perimentation are meaningless unless 
they can reduced form from 
which possible readily estimate 
the effect existing conditions the 
process product. the past, multiple- 
regression analysis and statistical qual- 
ity control have been used this con- 
nection with limited success. now 
possible obtain more complete results 
through the use method developed 
mathematical statisticians. This 
method outlined and discussed de- 
ail. shown how use this tech- 
enables investigator use each 
data for making each conclu- 
ion and enables him examine the 
ehavior one variable more than 
level each the other variables 
the 14430 


2.1.2, 2.2.8, 8.4.3 

Interpretation Tubing Caliper Sur- 
Park. Corrosion, 13, No. 12, 828t-832t 
(1957) Dec. 

arithmetical interpretation tab- 
ulated data derived effort 
obtain the maximum utilization tub- 
ing caliper surveys. Analysis consec- 
utive surveys allows the engineer 
determine the corrosion status 
string oil well gas well tubing and 
assess treatment efficiency. Limits 
assigned were based field experience 
grading tubing. Limits are therefore 
not inflexible and may changed 
meet specifications any company 
can standardized throughout the in- 
dustry more information compiled. 
The proposed method offers simple 
yardstick the corrosion engineer 
which previously was not available 
the area tubing caliper surveys. 14439 


2.2 Tests 


2.2.2, 4.2.7 

Corrosion Metals Tropical En- 
vironments. Part Test Methods Used 
and Results Obtained for Pure Metals 
and Structural Steel. ALEXANDER, 
SouTHWELL AND Naval 
Research Laboratory, June, 1957, pp. 
Available from: Office Technical 
Services, Dept. Commerce, 
Washington 25, (Order 121952). 

The corrosion rates and characteris- 
tics aluminum, lead, nickel, zinc, cop- 
per, and structural steel exposed for 
eight years five tropical environments 
the Panama Canal Zone are reported. 
Corrosion rate data are compared for 
each the environments. This quantita- 
tive information the first appear 
the literature, according the report, 
and should have considerable value 
the selection metals for use similar 
tropical 14576 


2.2.2, 5.4.5 

Outdoor Exposure Acrylic Emul- 
sion Paints. Results Outdoor Ex- 
posure Panels. Paint 
and Varnish Production, 47, pages 
(1957) May. 

Paint formulations and exposure char- 
14580 


2.2.5, 5.4.5, 7.5.5 

Epoxy Coatings Perform Well 
Steel Exposed Chemicals, Corrosive 
Atmospheres. 
Corrosion, 13, No. 11, 144, 146 (1957) 
Nov. 

Case histories are given successful 
use epoxy coating systems steel 
surfaces exposed chemicals and cor- 
rosive atmospheres. Equipment coated 
includes floating roof type tanks, solvent 
tanks, paper mill tanks and structural 
steel. Good performance competition 
with other generic types for periods 


years reported. paper presented 
under the title “An Examination 
Epoxy Type Industrial Maintenance 
Coatings” meeting Northeast 
Region, National Association Corro- 
sion Engineers, Philadelphia, Pennsyl- 
vania, October 15-17, 1956. 14416 


Methods 
and Tests 


2.3.9 

Nuclear Irradiation and Radioisotopes 
Metal Research. Massoup SIMNAD. 
General Dynamics Corp. Intern. Appl. 
and Isotopes, 145-171 (1956) 

This review covers wide range 
topics the field metal research 
where nuclear irradiation and radioiso- 
topes have been employed. Nuclear irra- 
diation has been used both means 
detect minute quantities impurities 
minor constituents and powerful 
tool for carrying out studies the 
structure metals. Radioisotopes have 
found increasing application almost 
all branches metal research, namely, 
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studies segregation, friction, vapor 
deposition, vapor pressure, slag metal 
reactions, electrolytic action metal 
surfaces and diffusion 


13679 


2.3.9 

Measuring Trace Elements Acti- 
vation Analysis. Nu- 
cleonics, 14, No. 48-49 (1956). 

Trace elements concentrations 
few ppm can analyzed aluminum. 
Sodium can determined with preci- 
sion and limiting accuracy 
phosphorus >0.0001% can 
analyzed within 5%. The limiting sensi- 
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REPORTS 


PROTECTIVE COATINGS 
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T-6A Application Techniques, Physical 
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sistance of Chler-Acetates. A Re- 
port Unit Committee T-6A Organic 
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ical Corrosion. Publication 54-4. Per Copy 


T-6A Report on Rigid Polyvinyl Chloride. 
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Linings for Resistance Chemical Corrosion. 
Publication 56-4. Per Copy $.50. 


T-6A Report Epoxy Resins. Report 

of NACE Technical Unit Committee 
T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
56-5. Per Copy $.50. 


T-6A Report Application Techniques, 

Physical Properties and Chemical 
Resistance of Chlorinated Rubber Ceatings. 
NACE Technical Unit Committee T-6A on 
Organic Coatings and Linings for Resistance 
Corrosion. (Pub. 56-6.) Per Copy, 


T-6A Vinylidene Chloride Resins. Report 

of Unit Committee T-6A Prepared 
by Task Group T-6A-3 on Vinylidene Chloride 
— Publication No. 57-9. Per Copy 


T-6B Protective Coatings for Atmospheric 

Their Surface Preparation and 
Application Physical Characteristics and Re- 
sistance. A Report of Unit Committee T-6B 
on Protective Coatings for Resistance to 
Atmospheric Corrosion. Publication No. 57-10. 
Per Copy $.50. 


mended Practices for Surface Prep- 
aration Steel. (Pub. 50-5). Per Copy, $.50. 


TP-6G Second Interim Report Surface 

Preparation Steels for Organic 
and Other Coatings. (Pub. 53-1.) Per Copy, 
$1; five or more copies to one address, per 
copy $.50. 


T-6K Acid Proof-Vessel Construction 

with Membrane and Brick Linings. 
A Report of NACE Technical Unit Committee 
T-6K Corrosion Resistant Construction 
with Masonry and Allied Materials. Publica- 
tion No. 57-6. Per copy $.50. 
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aluminum alloy irradiated, variety 
radioisotopes are produced, some 
which may mask the presence others. 
Copper, gallium and the rare earths can 
detected levels ppm. Zone- 
refined super-purity aluminum, contain- 
ing magnesium iron copper 0.5 ppm 
and undetected amounts other ele- 
ments was studied. Activation analysis 
revealed the positive presence zirco- 
nium the 5-ppm level. Molybdenum, 
iron, copper and gallium were identified 
with reasonable certainty. Information 
the mechanism which mercury 
increases the corrosion rate 
num was obtained autoradiographic 
13677 


2.3.9 

Study Surface Films Means 
X-Ray Fluorescence. AND 
Rev. Met., 53, No. 645- 
648 (1956). 

The thickness thin films meas- 
ured the emission characteristic 
rays from material subjected selective 
X-radiation when the films are held 
support whose fluoresence not ex- 
cited. The intensity the fluorescence 
due thin film-increases linearly with 
the thickness within certain range 
thicknesses. varies 
greatly according the angle inci- 
vides rapid means measurement. 
Examples are given the application 
the method.—MA. 13633 


2.3.9, 1.4, 2.4.3 

The Literature Radioactive Testing 
Techniques: Selected References 1950- 
Special Libraries Assoc., 
Publications Industrial Uses Atomic 
Energy, October 11, 1956, pp. Special 
Libraries Association, East 10th Street, 

Lists about 100 references, abstracts, 
general radioactive testing techniques, 
metal structure and analysis, metal proc- 
essing, inspection castings, inspection 
welds, gauging, wear studies, wear 
engines, machinery, tool life, corro- 
sion and oxidation, metal cleaning and 
electrical 13524 


2.3.9, 5.3.2 

The Nature, Cause and Effect Po- 
rosity Electrodeposits. II. Radio- 
graphic Detection Porosity Elec- 
Tech. Proc. Am. Electroplaters’ Soc., 1956, 
256-259, 

new method which deposits are 
plated 0.001 0.003-inch thick basis 
metals and radiographed X-rays 
radioactive sources. The smallest dis- 
continuities detected this study were 
0.001 0.002-inch diameter but 
suggested that 
niques would greatly increase the pos- 
tected discontinuities almost always 
formed corrosion sites atmospheric 
exposure tests but most corrosion sites 
were found where 
were detected radiography.—BNF. 


13680 


2.3.9, 1.6 

Methods for Emission Spectrochem- 
ical Analysis. Book, 1957, 488 pp. Avail- 
able from American Society for Testing 
Materials, 1916 Race Street, Philadel- 
phia Pa. 

This book, sponsored ASTM Com- 
mittee E-2 Emission Spectroscopy 
collects under one cover much the 
reliable information this method 
analysis, which grows rapidly popu- 


Vol. 


larity the need identify very small 
quantities materials becomes more 
pressing. Workers corrosion, 
cially those concerned with analysis 
corrosion products, often find 
chemical analysis useful. 

Committee E-2, which has been 
ardization spectrochemical practices 
since 1932, points out that the 
ent state knowledge about this 
cialty much the data and 
are not specifically adopted. The boo: 
divided into four major sections, gen- 
eral practices, nomenclature, 
chemical analysis metals and 
usual ASTM publications, the dati 
are complete, concise and 

> 


2.4 Instrumentation 


2.4.2 

Simplified Method for Making and 
Maintaining Half-Cells. Lewis 
Corrosion, 13, No. 122 (1957) Sept. 

method described for making in- 
expensive copper-copper 
cells that compare favorably charac- 
teristics with recommended behavior 
half cells technical literature. Rou- 
tine handling these cells described. 
This paper was presented under the title 
“The Care and Feeding Half-Cells” 
meeting Northeast Region, Na- 
tional Association Corrosion Engi- 
neers, Niagara Falls, Y., October 31- 
November 1955. 14380 


2.4.2 

Variability Working Copper Sul- 
fate Half Cells: Topic the Month. 
Compton. Corrosion, 13, No. 
149t-150t (1957) March. 


Three sets measurements made 
study reproducibility measurements 
with working half cells. group 
copper sulfate half cells was used. Re- 
sults indicate that differences poten- 
tial measurements between structures 
and half cells between half cells below 
have little significance. 14397 


2.4.2 

Testing Machine for Short-Time 
Creep and Stress-Rupture Testing 
California. Rev. Sci. Instruments, 28, No. 
543-547 (1957) July. 

Description testing machine 
which specimen contained within 
water-jacketed vessel heated vac- 
lum-tube resistance heater and then 
subjected static tensile loads 
100,000 psi. This machine now 
routine use Los Alamos Scientific 
Laboratory for short-time creep and 
stress-rupture testing metallic and 
non-metallic specimens 2000-2500 
With minor modifications, can also 
used for longer-period creep and stress- 
rupture studies, for ordinary tensile, 
compressive shear testing and for 
operation temperatures substantially 
above 2500 down room tempera- 
ture. Photos, 14781 


2.4.2, 4.6.5, 8.4.5 
Measurement Corrosion Products 

High Temperature, High Pressure 

Corrosion, 13, No. 572t- 

574t (1957) Sept. 

The concentration corrosion prod 
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ucts and other impurities which produce 
undesirable radionuclides must main- 
extremely low values the 
primary coolant systems nuclear 
wer plants keep the resulting radio- 
tive dose rate below certain maximum 
systems for maintenance these 
the concentration the vari- 
impurities and their solubility 
exist the primary coolant tem- 
This paper describes the de- 
high efficiency filter used 
this purpose and gives data obtained 
radioactive and non-radio- 
tive water systems. 14775 


Measuring Thickness Sprayed 
and Metal 10, No. 
220 (1957) July. 

Differences between plated and sprayed 
etal coatings are given. Types test- 
(pull-off gages, moving iron types 
aid electro-magnetic instruments and 
choice are discussed. Details 
tting instruments and errors 
nents and other sources error are 


ven. Other thickness testers are men- 
14712 


Methods Ultrasonic Testing 
Welds. Nazarov AND Yu. PANov. 
Laboratoriya, 23, No. 305- 
308 (1957). 

Methods scanning welds for lack 
fusion edges and for internal de- 
iects, using inclined-face search units 
that introduce sound waves into the 
base metal well away from the actual 
weld side, with direct reflected in- 
cidence the sound the weld. Nom- 
ogram for solution the equations 
involved determining depths and 
choosing the correct distance between 
transducer and weld, etc., constructed 
for transducer with face inclined 
degrees the surface through which 
the sound waves travel. Standard for 
setting sensitivity for butt welds and 
practical example are 


CORROSION PHENOMENA 


3.2 Forms 


3.2.2, 3.6.5 

4th Hothersall Memorial Lecture before 
Inst. Metal Finishing, Brighton, April 
12, 1957. Trans. Inst. Metal Finishing, 34, 
139-166 (1957); Bull. Inst. Metal Finish- 
ing, No. 139-166 (1957) Summer. 

Surface defects bare metal which 
constitute starting points for corrosion 
are discussed. Where protective coatings 
are applied, defects sometimes contrib- 
ute imperfections coating. Scratch- 
line engraved under definite load repre- 
reproducible type defect and 
been used Cambridge University 
corrosion mechanism research. Scratch- 
machine (Mears-Ward) described. 
and invisible oxide films, and 
considered. Statistical experiments 
iow that probability corrosion 
line wetted with liquid standing 
border-line between corrosive and 
classes decreases steadily 
ith period air-exposure before wet- 
ig; also, corrosion one scratch-line 
probability corrosion start- 


CORROSION ABSTRACTS 


ing adjacent scratch-line (mutual) 
protective effect). Corrosion quantita- 
tively related electric currents flow- 
ing between scratch anode and sur- 
rounding region cathode. Importance 
stress left after scratching and stress 
distribution around scratch-line are dis- 
cussed. Stress situations metals oxi- 
dized inward movement oxygen 
and metals oxidized outward 
ions are considered. Phenomenon 
crack-heal demonstrated experimen- 
tally. Scratch-line experiments nickel 
are discussed. Effect surface condi- 
tion corrosion below protective coat, 
and significance scratch-line results 
electrodepositor are presented. Graphs, 


14722 


3.2.2, 6.2.4, 7.10 

Brittle Fracture Sheet Piling. 
Progress, 71, No. 86-91 (1957) March. 

Failures sheet piling are due 
driving failures where fracture propa- 
gated from flame-cut handling hole, fail- 
ures during service, where fracture 
propogated from flame-cut tie-rod holes, 
drain holes bolt-holes and_ brittle 
fractures initiated fatigue cracks. Re- 
sults metallurgical examination and 
tensile tests alloy steels containing 
0.064, 0.03 and 0.02 nickel, plain carbon 


Positions Available 


UNUSUAL OPPORTUNITY 


for sales engineer become part 
company which recognized leader 
the field protective coatings. 


need man with oustanding sales 
ability. Earnings and opportunity 


executive 


brief outline your qualifications 
would provide basis for further confi- 
dential correspondence. Our own 
personnel know this ad. 


Write CORROSION, Box 58-11. 


POSITIONS WANTED 
and 


AVAILABLE 


Active and Junior NACE members and 
companies seeking salaried employees 
may run without charge two consecutive 
advertisements annually under this head- 
ing, not over words set point 
text type. 


Advertisements other 


specifications 
will charged for $10 column inch. 


Positions Wanted 


Corrosion Engineer—graduate ChE with 
years’ corrosion engineering and 
years’ chemical process engineering ex- 
perience organic and inorganic chemi- 
cal manufacturing. Will set corrosion 
control program incl. testing, evaluation, 
specifications and standards. Willing 
relocate. CORROSION, Box 58-8. 


Six years’ experience applied 
research metals corrosion. Group 
leader. Technical papers. Strong train- 
ing metal selection, non-ferrous extrac- 
tive metallurgy, drometallurgy, X-ray 
diffraction, spectroscopy 
analysis. PhD Met. Age 39, mar- 
ried. CORROSION Box 58-10. 


ChE—Five and one-half years active 
corrosion engineering and sales experi- 
ence related petroleum production, 
water floods, process plants, pipeline op- 
erations, and water treatment. Desire 
responsible position corrosion engi- 
neering and/or sales for petroleum, 
chemical, pipeline industry. Married. 
Age 34. Southwest location preferred. 


CORROSION, Box 58-12. 


University California. Major 
chemical engineering. Corrosion research 
titanium and chemical milling 
metals two years. Analytical and chemi- 
cal research ten years. Supervisory ex- 
perience. Prefer California location. Re- 
ply CORROSION, Box 
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steels containing trace nickel and 
high phosphorus steels containg 0.04- 
0.05 nickel are given. Service behavior 
steels indicates that low-temperature 
brittle fracture occurred almost all 
samples possessing ft. lb. transition 
temperature higher than service tempera- 
ture. marked feature all samples 
that transition temperature increased 
with increasing Phos- 
phorus was very effective increasing 
notch brittleness. Failures are traced 
irregularly flame-cut holes, poor weld- 
ing techniques and corrosion pits. Re- 
sults show that sheet piling specifica- 
tions should call for lower carbon and 
higher manganese contents. Graphs, 
tables, 13799 


3.2.3, 6.2.2 

Plastic Flow Iron Oxides and the 
Corrosion, 13, No. 12, 
783t-785t (1957) Dec. 

Under certain conditions, the oxida- 
tion iron oxygen high tempera- 
tures accompanied the formation 
central box-like cavity the dimen- 
sions which are identical those 
the original iron specimen. The decrease 
size this cavity with increasing 
temperature and its disappearance when 
the formation magnetite and hematite 
excluded controlled oxidizing 
potential indicates that the plastic prop- 
erties the oxides may impor- 
tant factor. This qualitatively confirmed 
the measurement the relative plas- 
ticity the three oxides 800-1000 
specially designed apparatus. 14455 


3.2.3, 6.3.17 

The Oxidation Uranium Argon 
Containing Traces Oxygen. 
AND April, 1957, pp. 
Windscale Works, Sellafield, Cumb., 
England. 

The rates oxidation uranium 
argon containing ppm. oxygen 
temperatures 900 have been 
investigated. The oxygen content the 
argon was measured using electro- 
lytic cell method. The rates oxidation 
argon containing ppm. oxy- 
gen were considerably less, proportion- 
ally, than the rates obtaining and 
ppm. oxygen. The rates oxidation 
600 and 900 were similar, but 
300 the rate was appreciably less. The 
results indicated that the initial rate 
oxidation slow but increases 
come linear with time after the oxide 
thickness exceeds certain value. (auth) 
—NSA. 14763 


3.4 Chemical Effects 


3.4.8, 4.6.2 

Effect Zinc Ion Corrosion 
Aluminum, Type 347 and SAE-1020 
Argonne National Laboratory. 
Atomic Energy 
ANL-5399, May, 1956, pp. 

series tests were made evalu- 
ate the influence zine ion the cor- 
rosion behavior Type 347 stainless 
steel, aluminum and SAE-1020 steel 
static water 500 F—BTR. 


3.4.8, 3.8.3, 6.2.5 

Effect Halogen Ions the Anodic 
Passivation Stainless Steels. (In Jap- 
anese.) SusuMU AND 
Electrochem. Soc., Japan, 
25, No. 191-195 (1957) April. 

has been generally understood that 


the chlorine ion, due its small radius 
and large penetrating power, activates 
the passive film penetration and de- 
struction. However, the ionic radii 
halogen ions are given Table and 
doubtful that the small ionic radius 
the cause the activation. 


Experiments have been carried out 
the anodic polarization various stain- 
less steels and their constituent metals 
percent sulfuric acid, neutral solu- 
tion, and sodium hydroxide solution 
containing equivalent concentration 
halogen ions, respectively. The results 
are given. The following interesting fact 
was observed: acidic neutral solu- 
tion the dissolution the passive stain- 
less steels takes place below the proper 
dissolution potential the pres- 
line solution the stainless steels are 


The above fact favorably explained 
the relationship the discharge po- 
tential between the oxygen and halogen 
ions and the oxidizing power the 
discharged oxygen and halogen elements. 
That is, the dissolution passive stain- 
less steels does not depend upon the 
penetrating power halogen ions, but 
the oxidizing power discharge halo- 
gen elements when larger than that 
the oxygen the For ex- 
ample, the fluorine does not affect the 
dissolution passive stainless steels be- 
cause hardly discharged aqueous 
solutions, The fact that the action 
solution because the former not 
readily discharged and the oxidizing 
power the iodine larger than that 
the oxygen alkaline solution. That 
the action the chlorine the most 
effective general due the largest 
oxidizing power among halogen ele- 
ments which are more dischargeable 
than the oxygen.—JSPS. 14396 


3.4.9, 6.4.2 

Action Heated Water the Sur- 
face Aluminium. Denki 
Kagaku (J. Electrochem. Soc., Japan), 25, 
8-12 (1957); Chem. Absts., 51, No. 
6466 (1957) May 10. 


Through electron microscope observa- 
tions and electrode potential measure- 
ments, examination was made how 
the anticorrosive surface formed 
aluminum foil immersed hot water 
(>80 percent). the hot-water treat- 
ment the foil first forms eroded surfaces 
with lower electrode potential. When 
the foil washed and dried, aluminum 
hydroxide deposited the 
the local cells formed the surface 


the 14428 


3.4.9, 3.8.4, 6.3.17, 4.6.2, 8.4.5 

The Uranium-Steam Reaction. 
Gt. Brit. Atomic Energy Res. 
Establishment, Harwell, Berks, England, 
M/R-1281, Nov., 1953 (Declassified April 
16, 1957), pp. 

Experiments the rate reaction 
between uranium and steam tempera- 
tures 600 are described. The 
rate increases rapidly above 200 reach- 
ing maximum the range 250 400 
above this temperature 
siderably, remaining practically constant 
between 450 and 600 The heats and 
free energies the fundamental reac- 
tions the system, uranium-steam, have 
been calculated for temperatures 
5000 new theory why oxide scales 
some metals are protective whereas 
others flake powder presented. 


suggested that the Pilling-Bedworth 
ratio (the ratio the volume oxide 
produced the volume metal 
stroyed) inappropriate and that 
characteristics the oxide its for 
mation temperature. The results are dis 
cussed relation the kinetics the 
uranium-steam and uranium-oxygen re- 
actions which turn are related the 
problems associated with sudden failure 
that any serious explosion will 
from the chemical energy associated 
this reaction. 14601 


3.4.10, 5.8.4, 6.4.4 

Influence Wetting Agents the 
Consideration Corrosion Fatigue. 
kunde, 48, No. 232-240 (1957) May. 


Deals with influence various 
ting agents corrosion behavior 
following corrosive media: 
distilled water, sea water, percent 
sodium chloride solution, hydrochloric 
acid and caustic soda. Results are based 
long-time immersion tests, stress cor- 
rosion tests, and corrosion fatigue tests. 
Corrosion behavior was determined 
appearance specimen, resulting weight 
loss (immersion tests), life bend spec- 
imen (stress corrosion test) and shape 
the Wohler curves (corrosion fatigue 
test). carry out fatigue corrosion 
test, endurance testing machine was 
developed which permited simultaneous 
testing 100 specimens under various 


strengths alternating bend stresses. 


Investigations showed that wetting agent 
can inhibit promote action corro 
sive media studied. Anion-active wetting 
agents produce distinct increase cor- 
rosion resistance sea water, sodium 
chloride solution, hydrochloric acid and 
caustic soda; distilled water, however, 
they lead increased attack. The influ- 
ence cation-active wetting agents 
sea water, sodium chloride solution and 
hydrochloric acid was only slight 
most cases. Non-ionic additions pro- 
duced acceleration corrosion proc- 
esses caustic soda and distilled water, 
while only slight changes were noted 
rest corrosive media. bend spec- 
imens, location fracture was depend- 
ent wetting agent. With addition 
anion-active agents, was located 
less deformed part specimen sur- 
face liquid; all other cases was 
region severest bend. Shape 
Wohler curves was also dependent 
type wetting agent used. Anion-active 
agent resulted increased fatigue re- 
sistance, whereas non-ionic agent pro- 
duced noticeable change fatigue 


Tables, 
14432 


3.5 Physical and 
Mechanical Effects 


3.5.9, 6.3.20 

Surface Flow Phenomena the 
Course High-Temperature Oxidation. 
The Case Zirconium and Its Alloys. 
(In French.) BoGHEN 
AND Rev. Aluminium, 34, 
611-623 (1957) June. 

The oxidation zirconium was studied 
air the temperature range 400- 
1050 for time intervals ranging 
hours. was found that below 500 
thin, compact oxide film adheres 
and protects the metal. Above 500 the 
metal below the surface undergoes real 
transformation due the expansion 
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which takes place during the conversion 
the metal into its oxide. references. 
—MR. 14814 


3.5.9, 6.2.1 

Formation Scale Iron and Iron 
Alloys High Temperatures. (In Rus- 
12, No. 85-101 (1957). 

process wustite oxidation 
low the parabolic law. The coefficient 
diffusion iron through wustite 
calculated. Extensive data and 
able equations are reported. Effect 
oisture, oxygen and hydrogen. tables, 
figures, references. (Translation 
ailable: Associated Technical Serv- 
es, Box 271, East Orange, New 
14832 


Quality Control High-Temperature 
No. 90-94 (1957) Jan. 

variations properties high- 
alloys were reduced, alloys 
stress levels than are now safe. 
investigations scatter included studies 
Nimonic and 95, cobalt-rich alloys 
and G34 and alloy G42 Study 
cobalt, iron, nickel and chro- 
mium cobalt base alloy showed that 
cobalt, nickel and chromium 
base would give the best balance high 
rupture strength, low cost and machin- 
ability. Investigation warm working 
steel, turbine blade alloy and 
castings showed that vacuum melt- 
ing reduced variations properties. 
can metallurgically controlled 
and reduced and average level prop- 
erties raised percent. Causes 
scatter are 14663 


3.5.9, 3.8.4 

New Aspects Metal and Alloy Oxi- 
dation High Temperatures. (In 
French.) BENARD. Corrosion Anti- 
corrosion, 138-145 (1957) May. 

Nucleating process when the oxide 
film begins form. Changes the sur- 
face microstructure the metal after 
being exposed for long time very 
slightly oxidizing atmosphere. Practical 
14584 


3.5.9 

High Temperature Oxidation 
Metals and Alloys. (In Norwegian.) 
Per. Kofstad. Teknisk Ukeblad, 104, 225- 
230, 249-254 (1957) March 21, 28. 

Recent theories concerning the oxida- 
tion metals and alloys tempera- 
tures above 500 Principal require- 
ments for the development new 
oxidation-resistant alloys—BTR. 14326 


3.5.9, 4.3.3, 5.8.2, 4.2.3 

Thermochemical Study Some 
Additives Reduce Residual Fuel Ash 
SHEY. Corrosion, 13, No. 11, 725t-732t 
(1957) Nov. 

Based the premise that liquid 
ish components are associated with the 
“catastrophic” attack refractory 
illoys, theoretical study has been made 
mixtures vanadium pentoxide and 
sulfate with various metallic ox- 
des and sulfates. The thermal stabilities 
the sulfates were then investigated. 
was concluded that the oxides cal- 
‘ium, magnesium, and aluminum should 
effective they could preserved 
the oxide form. However, was 
hown that the sulfate would general 
the stable form, particularly gas 
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turbine operating pressures. Such sul- 
fates are not effective additives and may, 
fact, deposit forming. The addi- 
tive with the most promise was found 
aluminum compound. Its sul- 
fate, even initially formed, should re- 
vert almost entirely the oxide 800 
for atmospheric conditions and 920 
five atmospheres. Some these con- 
clusions have been confirmed full 
scale tests turbines, but additional 
laboratory testing and actual operation 
are necessary verify them completely. 
More extensive and accurate thermo- 
chemical data would contribute the 
validity the calculated results. 14407 


3.6 Electrochemical Effects 


3.6.2, 5.8.3 

Mechanism the Corrosion Metals 
Narrow Crevices and Gaps. Pt. II. 
Corrosion Iron Solutions Cor- 
rosion Inhibitors. (In Russian.) 
Phys. Chem., USSR (Zhur. Fiz. Khim.), 
31, No. 72-82 (1957) Jan. 

The corrosion iron points situ- 
ated within narrow crevices gaps was 
studied immersing two specimens 
parallel relation, with mm. gap 
therebetween, into river water contain- 
ing conventional corrosion-retarding 
agent. Under these conditions, zinc sul- 


TECHNICAL 
REPORTS 


Corrosion Oil and 
Gas Well Equipment 


T-1A Survey Corrosion Control Cali- 

fornia Pumping Wells. Report 
T-1A Corrosion Oil and Gas Well Equip- 
Los Angeles Area. Pub. 54-7. Per Copy, 


Current Status Corrosion Mitiga- 

tion Knowledge Sweet Oil Wells. 
Report Technical Unit Committee 
Sweet Oil Well Corrosion. Per Copy, $.50. 


Field Practices for Controling Wa- 

ter Dependent Sweet Well Corro- 
sion. Report Technical Unit Committee 
T-1C Sweet Oil Well Corrosion, Compiled 
Pub. No. 56-3, Per Copy $1.0 


TP-1D Sour Oil Well Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members Per Copy. 


TP-1G Experience With Cracking 

High Strength Steel Sour Gas and 
Stress Corresion.) (Pub. 52-3) Per Copy, 
more copies one $.50 Per Copy. 


T-1G Sulfide Corrosion Cracking Oil 

Production Equipment. Report 
Technical Unit Committee T-1G Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 
Per Copy. 


T-1G Absorption, Embrittiement 

and Fracture Steel. Report 
Sponsored Research Hydrogen Sulfide 
Stress Corrosion Cracking Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G Sulfide Stress Cor- 
rosion Cracking by W. D. Robertson and 
57-17. Per copy $2. 


Status Report NACE Technical 
Unit Committee Oil Field 
Structural Plastics. Per Copy $1.00. 


Reports Technical Unit Commit- 

tee Oilfield Structural 
tics. Part Long-Term Creep Pipe Ex- 
from Tenite Butyrate Plastics. Part 
Structural Behavior Unplasticized Geon 
Chloride. Publication 55-7. Per 
Copy $.50. 


fate inhibits corrosion. Sodium nitrite, 
disodium phosphate, bi- 
chromate cause intensified corrosion be- 
cause difficult access into the close 
clearance. Maximum corrosion was ob- 
served not the crevices minimal 
width, but intermediate values, de- 
termined the temperature, inhibitor 
concentration, and other factors. 14437 


3.6.5, 2.1.1, 5.2.4 

Protective Potentials Metals. 
Bull. Acad. Sci. U.S.S.R. 
(Izvest. Akad. Nauk S.S.S.R.), Chemical 
Sciences Division, No. 263-269 (1957) 
March. 

new method given for calculat- 
ing protective potentials. The calculated 
values agree well with the experimental 
ones for copper, zinc, cadmium, magne- 
sium, lead, iron and cast iron 1.5 per- 
cent sodium chloride solution, and for 
iron synthetic lake-water. figures, 
tion available: Associated Technical 
Services, Box 271, East Orange, 
New Jersey.) 14406 


3.6.2, 3.8.2 
The Oxygen Concentration Cell 
Factor the Localized Corrosion 
Metals. Lynes. Electrochem. 
Soc., 103, No. 467-474 (1956) Aug. 
Literature the oxygen concentration 
cell has been reviewed. The discovery and 


Summary Data Use Struc- 

tural Products Oil Pre- 
duction. Status Report NACE Technical 
Unit Committee Oilfield Structural 
Plastics. Per Copy $.50. 


Service Reports Given Oil Field 

Plastic Pipe. Activities Report 
Oilfield Structural Plastics. Per 
Copy $.50. 


Oilfield Plastics Test Data 
are given. Activities Report T-1J 
Oilfield Plastics. Per Copy $.50. 


Reports Technical Unit Commit- 

tee T-1J Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
Reinforced Plastics Determined Creep 
Strengths. Part 2—Microscopic Examination 
Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


Status NACE Technical 

Unit Committee Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing Glass-Plastic Laminates. Part 
Service Experience Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


Service Experience Glass Rein- 

forced Plastic Tanks—Status Re- 
ort NACE Technical Unit Committee 
Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


Experience with Oil Field Extruded 

Plastic Pipe 1955—A Report 
NACE Technical Unit Committee 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50 


Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. Report 
Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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early history the cell are outlined and 
environmental conditions favorable its 
development are classified and discussed. 
Theories the mechanism the cell 
are presented. The current produced 
oxygen concentration cell consid- 
ered terms the open-circuit poten- 
tials and polarizing characteristics 
the anode and cathode and the resist- 
ance the metal and electrolyte. Se- 
lected quantitative data are shown 
tabular and graphic form. references. 

12503 


3.6.6, 7.2, 2.3.1 
Galvanic Corrosion Water Meters. 
Assoc., 48, Pt. 1235-1242 (1956) Oct. 
Laboratory test limitations: definition 
galvanic corrosion; common glavanic 
13510 


3.6.6 

Electrochemical Corrosion Relation 
Engineering Design. (In English.) 
Electrochem. Soc., Bull. 
India Section, 77-82 (1956) Oct. 

Factors leading galvanic corrosion 
and their practical implications. Protec- 
tive measures. 

13952 


3.6.6, 3.5.9 

Thermogalvanic Corrosion. 
Acad. Sci., USSR (Izvestiya Akad. Nauk), 
Chem. Div., No. 29-31 (1957) Jan. 

Currents thermogalvanic pairs 
copper, iron, nickel and lead were meas- 
ured neutral, basic and acidic solutions 
various temperatures and ratios ca- 
thode anode surface. Effect these 
factors thermogalvanic corrosion was 
studied. figure, tables, references.— 
ATS. Translation available: Associated 
Technical Services, Box 271, East 
Orange, New Jersey. 13898 


3.6.6, 5.2.2 

Galvanic Pt. Current 
Flow and Polarization Characteristics 
the Aluminum-Steel and Zinc-Steel 
Couples Sodium Chloride Solution. 
chem. Soc., 104, 269-275 (1957) 
May. 

Current flow, weight loss 
zation measurements have been carried 
out the aluminum-mild steel and zinc- 
mild steel couples normal sodium chlo- 
ride solution Under wide vari- 
ety experimental conditions both 
aluminum and zinc are anodic mild 
steel and completely protect against 
corrosion, both galvanic couples the 
current flow and weight losses the an- 
odes are proportional the area the 
steel cathode and are much less depend- 
ent the anode Galvanic corrosion 
rates both couples appear con- 
trolled oxygen depolarization and are 
thus markedly increased stirring. 
high stirring rates, the aluminum-steel 
couple delivers much higher galvanic 
current than the zinc-steel couple. 13855 


3.6.8 

Investigation Phase-Boundary Im- 
pedance for Noble-Metal Electrodes 
the Region Hydrogen Adsorption. II. 
Activated Iridium and Activated, Aged 
trochem., 60, No. 119-127 (1956). 

With apparatus and methods de- 
scribed Part the frequency and po- 
tential dependency the phase-boundary 
impedance found for activated iridium 
and activated, aged rhodium bathed 


hydrogen with 8N-sulfuric acid elec- 
trolyte. reproducible surface-condition 
maximum activity was obtained 
short anodic treatment. Compared with 
platinum, iridium and rhodium show 
narrower potential range for hydrogen 
adsorption and frequency dependency 
phase-boundary impedance which for 
positive over-voltages indicates reduc- 
tion the hydrogen adsorption process. 
The overvoltage for determined 
hydrogen diffusion the limiting 
value where gas bubbles form. refer- 
ences.—MA. 13911 


3.6.8 

Concentration Polarization and Over- 
Soc., 102, No. 193-197 (1955). 

discussion the magnitude con- 
centration polarization expected 
the measurement hydrogen over- 
voltage. The use the Nernst-Fick 
equation calculate its effect illus- 
trated for acid, alkaline 
solutions. 10804 


3.6.8, 3.5.6, 6.3.11 

Mechanisms Hydrogen-Producing 
Reactions Palladium. II. Diffusion 
Electrolytic Hydrogen Through Palla- 
dium. SIGMUND SCHULDINER AND 
Hoare. Electrochem. Soc., 103, No. 
178-181 (1956). 

Cf. 102, 485 (1955). The rate 
diffusion hydrogen through several 
thicknesses palladium for varying cur- 
rent densities was measured. The rela- 
tionship between the diffusion current 
and the total polarizing current was 
established. references—MA. 12982 


3.6.8, 6.3.20 

Anodic Overpotential for Oxide-Free 
Zirconium. MARAGHINI, GEORGE 
ADAMS, JR. AND 
BERGHE. Oregon University. Atomic 
Energy Comm. Pubn., AECU-3467, May 
1957, pp. Available from Office 
Technical Services, Washington, 

The estimation the potential that 
polarized zirconium anode would exhibit 


were free oxide film presented. 
14736 


3.6.8 

Electrochemical Polarization. Pt. III. 
Further Aspects the Shape Polar- 
ization Curves. Elec- 
Soc., 104, No. 11, 645-650 (1957) 
IN OV. 

The shape electrochemical polari- 
zation curves discussed for ideal sys- 
tems containing more than two oxida- 
tion-reduction reactions. Situations are 
described where measured Tafel param- 
eters have direct relationship the 
reduction reactions. The analysis, while 
containing several simplifying assump- 
tions, shows the complexity polari- 
zation measurements and indicates the 
care which must taken such meas- 
urements are interpreted quantita- 
tively. 14778 


3.6.8, 6.3.15 

The Electrochemical Behavior Tita- 
nium Aqueous Solutions Electro- 
lytes. Pt. Hydrogen Overpotential 
Titanium. (In Russian.) Ya. 
TYRKIN AND Karpov Mos- 
cow Physico-Chemical Inst. Phys. 
Chem., USSR (Zhur. Khim.), 31, 
659-671 (1957) March. 

The hydrogen overpotential 
nium was measured over wide range 
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NSA. 1467? 


3.6.8 

Investigation Phase-Boundary 
pedance for Noble-Metal Electrodes 
the Region Hydrogen 
III. Freshly Activated Rhodium 
Gold Electrodes. Kam. 
chem., 60, No. 454-462 (1956). 

The frequency and depend- 
ence were studied for freshly 
rhodium and gold electrodes bathed 
hydrogen with sulfuric acid 
trolyte. For positive overvoltage >0, 
hydrogen adsorption found 
rhodium. For overvoltages 
the effect diffusion molecular 
gen noticeable. flat gold electrodes 
hindrance the formation ions 
and the formation hydrogen molecules 
found and because this the influence 
hydrogen diffusion longer per- 


3.6.8 

Corrosion Rate Iron Acid Solu- 
tion and Its Polarization Characteris- 
tics. Electrochem. Soc. 
Japan, 24, No. 409-414 (1956) Sept. 

All experiments and interpretations are 
performed the corrosion pure iron 
immersed unagitated solution 
1/10 sulfuric acid. 

Main experiments and their results ob- 
tained are follows: 

Polarization curves all elements 
about local anode and cathode the 
steady states are given. The author sup- 
poses that each curvature anode and 
cathode curves attributed respectively 
the variations the local anode area 
external polarization and the repolar- 
izing action oxygen solution ca- 
thodic 

Potential-time curves with applica- 
tion and interruption external polariz- 
ing currents: this case potential dis- 
placement with lapse time can 
roughly distinguished into two parts—a 
rapid potential rise during 0-50 msec 
after application (or interruption) ex- 
ternal polarizing current and slow po- 
tential decrease extending over several 
minutes. According the author’s inter- 
pretation, the former influenced mainly 
the transient phenomena the polar- 
izing potential each local element and 
the latter related the gradual vari- 
ation their surface areas. 

and corrosion current various test 
pieces under natural corrosion condi- 
tions: interesting that group 
many points the figure showing each 
natural corrosion state various test 
pieces coincides with the polarization 
curve local cathode. 

Conclusions: the natural corro- 
sion states iron immersed still aer- 
ated acid solution, the cathode area the 
local cell seems occupy the greater 
part its total effective surface area. 
When iron polarized anodically ex- 
ternal current, there tendency that 
the local anode area increases defi- 
nite value and the local 
decreases also definite value. How- 
ever, cathodic polarization, the varia- 
tion area each local element un- 
likely. The corrosion rate iron hav- 
ing less noble electrode potential faster 
than that iron having noble potential 
and the relation between electrode po- 
tential and corrosion current natural 
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3.6.8 
Electrolytic Hydrogen Evolution 
Kinetics and Its Relation the Elec- 
tronic and Adsorptive Properties the 
as. Univ. Pennsylvania. Chem. Phys., 
26, 532-541 (1957) March. 
significant correlation between the 
ogarithm the exchange current den- 
ity the electrolytic hydrogen evolu- 
reaction and the electronic work 
found for one group 
Another group metals prob- 
bly having different relationship 
The relationship between 
and explained arising from 
dependence heat adsorption upon 
general theory electrolytic reduc- 
ion and electrode poisoning given. 
analysis the dependence 
the rate the proton discharge reac- 
terms the heat adsorption 
hydrogen, force constants 
and internuclear distance, given. (auth) 
—NSA. 14153 


3.6.8, 2.3.5 

Investigation Phase-Boundary Im- 
pedance for Noble-Metal Electrodes 
the Region Hydrogen 
Activated Platinum Electrodes. 
Knorr. Elektrochem., 60, No. 37-47 
(1956). 

circuit described for measuring 
ihe resistance polarized, acti- 
vated platinum electrode bathed hy- 
drogen with N-sulfuric acid electro- 
lyte. The frequency and potential de- 
pendency the resistance found 
for range over-voltages and this 
connected with the adsorption hydro- 
gen atoms, the diffusion hydrogen 
molecules and the discharge ions. 
13915 


3.6.9 

Research Corrosion Produced 
Alternating Currents. (In French.) Lu- 
AMY AND CLAuDE Rev. 
Gen. Elec., 66, 187-188 (1957) March. 


Laboratory experiments establish pos- 
sibility production notable corro- 
sion phenomena metal piping 
means stray alternating currents 
industrial frequency.—MR. 14544 


3.7 Metallurgical Effects 


3.7.4, 3.8.2, 6.4.4 

Investigations Corrosion Resistance 
Sold Metallic Solutions. II. Magne- 
sium-Cadmium Alloys. 
NAYA. Kiev Inst. General and Inor- 
ganic Chemistry. Phys. Chem., USSR 
(Zhur. Fiz. Khim.), 30, 1267-1277 (1956) 
June. 

The resistance two structural types 
magnesium-cadmium solid solutions 
corrosion sulfuric acid and 
ammonium chloride and 40° 
has been investigated. Measurements 
were made the potentials the cor- 
roding alloys. The corrosion stability 
limits the alloys, determined weigh- 
ing appear the composition-corrosion- 
stability diagrams concentrations be- 
low at.% magnesium. The curves 
show the potentials corroding alloys 
changing with the composition without 
any sharp breaks. The loose textured 
layer the alloy surface measured 
nicrohardness method increased after 
13571 
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3.7.4, 3.7.3, 6.2.3 

Further Studies the Effect Mi- 
crostructure Notch Toughness and 
Gross Stout. Paper before 
Am. Welding Soc., Nat’l. Fall Mtg., Cleve- 
land, October 8-12, 1956. Welding J., 35, 
No. 12, 604s-609s (1956) December. 


Investigation determine influence 
some types discontinuous phases 
nominally constant ferrite matrix 
notch toughness aggregate. C1030 was 
the low-carbon steel studied. Table sum- 
marizes heat treatments used produce 
various microstructures, transition tem- 
peratures, grain size ferrite, aggregate 
size discontinuous phase, microhard- 
ness values and tensile properties mi- 
crostructural aggregates, Graphs show 
effect tensile strength varied 
tempering notch toughness ferrite- 
martensite and martensite (V-notch 
Charpy results down —150 and 
strain hardening characteristics pro- 
eutectoid ferrite and discontinuous 
phase. Subcritical heat treatments 
higher temperatures and longer times ap- 
pear embrittle ferrite; embrittlement 
may not occur during welding but upon 
extended post heat treatment weld- 
ments. microstructures proeutec- 
toid ferrite and martensite (tempered 
untempered) microcracks initiate fer- 
rite grain boundaries and ferrite-mar- 
tensite interfaces. Variation transition 
temperature with softening martensite 
ferrite-martensite aggregates may 
explained basis initial hardness 
variation ferrite and degree precipi- 
tation discontinuous structure de- 
formation aggregate. Photomicro- 
graphs. Work supported Inco.— 
INCO. 13878 


3.7.4, 6.4.2, 3.8.3 

Behavior Grain and Subgrain 
Boundaries Reaction Between Alumi- 
num and Water. (In German.) AL- 
TENPOHL. Metallkunde, 48, No. 306- 
312 (1957) May. 

Formation, composition and aging 
Boehmite films are discussed. 
vestigation, supplementing author’s pre- 
vious work, was carried out infrared 
spectrum analysis and differential ther- 
mal 14582 


3.8 Miscellaneous Principles 


3.8.4 

Electron-Diffraction Study the 
Transformation Oxide y-Fer- 
Proc. Roy. Soc., Sec. 241, No. 1224, 

1-8 (1957). 

formed haematite 
single crystals heating air have 
been examined electron diffraction. 
500 change occurs their crys- 
tal structure, apparently due the mi- 
gration some cations tetrahedral 
interstices. Otherwise the unit cell and 
oxygen-ion framework the 
remain oxide (haematite). 
700 the structure the outgrowths 
changes one characteristic 
oxide and persists such, even after 
prolonged heating 900 Thus the 
transformation oxide @-ferric 
oxide not, has been supposed, 
strictly irreversible, since the transi- 
tion has now been found occur under 
suitable conditions. The presence 
B-phase trances seem the cause 
the anomalous magnetic behavior 
haematite observed Neel and others. 
concluded that the transforma- 
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tion necessary step preceding the 
solid-state spinelization reaction in- 
volved the formation ferrospinel. 
—RPI. 14625 


3.8.4, 3.7.4 

The Corrosion Single Crystals and 
Recrystallized Single Crystals Iron 
and Steel Citric Acid. Buck, 
III anp Henry Jr. Elec- 
trochem. Soc., 104, No. 474-481 (1957) 
Aug. 

Corrosion studies, largely 0.2M 
citric acid and the boiling 
point, were made polycrystalline 
disks and monocrystalline spheres and 
disks Armco iron and type steel. 
Preliminary experiments indicated that 
the (100) face corroded the slowest 
rate and the minor faces, which the 
(321) example, corroded the 
most rapid rate. Quantitative measure- 
ments were confined these two crys- 
tal faces. The (100) face was cathodic 
the (321) face shown potential 
measurements 0.2M citric acid the 
presence and absence air. The rate 
corrosion the (321) face was ap- 
twice that the (100) face 
specimens which were chemically and 
electrolytically polished, machined with 
sharp lathe tool, polished with 
emery paper. The rates corrosion 
the polycrystalline starting material 
from which the single crystals were 
prepared were several times greater 
than those the single crystals. Con- 
version the single crystals poly- 
crystalline material heating through the 
transformation temperature resulted 
considerably increased corrosion rate. 
the presence 40-45 ppm tin (II) 
the rates corrosion the single crys- 
tals 0.2M citric acid the boiling 
point were reduced greatly and sig- 
nificant difference between the (100) and 
(321) faces was 14605 


3.8.4, 6.3.6 

Fractionation Oxygen Isotopes 
the Formation Oxide Films Cop- 
per. JoHN Brown, AND 
Chem. Phys., 27, 251-258 
(1957) July. 

Measurements 25, and 100 
granular copper and copper foil de- 
termining the isotope ratio the 
residual unreacted oxygen gas after 


fraction the oxygen has reacted.— 
BTR. 14602 


3.8.4 

Investigations the Oxidation 
Mechanism Single Iron Crystals 
High Temperature and Under Low 
Oxygen Pressure. (In French.) 
Publ. sci. tech. ministére 
air, No. 327, 1957, 622 pp. Available 
from: Service Documentation 
d’Information Technique 
tique, Magazin C.T.O., Av. 
Porte-d’Issy, Paris 15°, France. 


Study the discontinuous superficial 
growth starting from oxide nuclei, 
high temperature and low oxygen pres- 
sure. Relations orientation between 
the metal and the ferrous oxide. Impor- 
tance atomic and ionic density dur- 
ing chemical reaction solid sur- 
14594 


3.8.4, 6.4.2, 6.3.10, 2.3.9 

Electrographic Study Oxide Films 
Appearing Aluminum and Nickel 
Gaseous Oxygen Medium. (In French.) 
Chim. Phys., 54, 96- 
105 (1957) Jan. 

Complexity conditions formation 


oxide film liquid medium and 
possibility secondary reaction be- 
tween the oxide and the electrolyte im- 
pede accurate study formation 
oxide films. Simplified conditions using 
electric field during interaction 
oxygen metal were created 
electric discharge tube gaseous 
dium and permitted basic 
mechanism oxidation aluminun 
and nickel. 1467¢ 


3.8.4 

Nature, 179, No. 4557, 
(1957). 

Below protective oxide-layer 
barium film oxidizes right through. The 
limited the superficial barium 
the oxide. concluded that oxi- 
dation starts nucleation centers the 
barium surface and then spreads form 
complete monolayer, after which the 
oxidation proceeds according the 
theory Mott [Trans. Faraday Soc., 43, 
429 14566 


3.8.4, 6.3.20, 3.4.9 

Reaction Zirconium with Water 
Vapor Subatmospheric Pressures. 
Electrochem. Soc., 104, No. 
349-352 (1957) June. 


The reaction iodide zirconium with 
water vapor pressure was 
investigated the range 300-600 The 
rates follow cubic law. The cubic rate 
10° exp (—29,700/RT) where 29,700 
700 cal/mole the activation energy. 
Reaction films monoclinic zirconium 
dioxide are N-type semiconductors. 
Therefore, concluded that the mech- 
anism film formation the same 
that for the zirconium-oxygen 


3.8.4 

Oxidation Nickel, Cobalt and Cop- 
Proc. 2nd Int. Congr. Surface Activity, 
Lond., 1957, Prepr. DD175-185. 
Applied Chem., Pt. 367 (1957) May. 


Measured rates oxidation thin 
films reduced nickel, copper and 
cobalt powders indicate that each tem- 
perature multiple oxide layers form 
thick during 100 min., mostly 
(especially with nickel and cobalt) 
fast, non-activated process. slow 
process then commences abruptly, oxy- 
gen adsorption being exponential with 
time. Surface layers oxide can re- 
generated for further oxidation heat- 
ing vacuo. The regeneration inter- 
preted terms formation metal- 
lattice vacancies and their elimination 
heating, the oxide thickness effec- 
tively decreasing during activation. 
refereaces.—INCO. 14391 


3.8.4, 3.2.2, 6.2.3, 4.3.6 

Mechanism Intercrystalline Corro- 
sion Soft Steel Produced Ammo- 
nium Nitrate. (In French.) 
SKI AND Corrosion 
Anti-corrosion, 76-81 (1957) March. 


study the effect ammonium 
nitrate solutions iron samples with 
fine coarse crystals and under stress. 
Comparison the behavior single 
and polycrystals. Effect atmospheric 
oxygen.—BTR. 14374 
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3.8.4, 6.3.10 
Diffusion Nickel Nickel Oxide. 
Moon TAIK SHIM AND WALTER Moore. 
Indiana Univ. Chem. Phys., 26, 802- 
804 (1957) April. 
Diffusion coefficients for nickel 
olyerystalline monocrystalline 
ickel oxide have been measured the 
irface-activity method from 1000 
air. Within experimental un- 
‘rtainty the values 4.4 10% exp 
fit both cases. These re- 
cults indicate that the oxidation 
ckel under comparable conditions 
and pressure proceeds via 
diffusion nickel through nickel 
xide. (auth)—NSA. 14372 


6.3.21, 3.7.4 

Rates Oxidation Germanium. 
hem. Soc., 104, No. 154-159 (1957) 
March. 

Oxidation rates the (110), (111), 
(100) faces germanium crystal 
been measured between 450 and 
and various oxygen pressures. 
For all three faces, oxidation rates were 
nversely dependent oxygen pressure 
and above 550 and differences 
behavior between faces were observed. 
500 only the (110) face oxidized 
theory has been devel- 
explain the effect oxygen 
pressure the oxidation rate and cal- 
values found fair agree- 
ment with experiment. 13812 


CORROSIVE ENVIRONMENTS 


4.4 Chemicals, Organic 


4.4.2, 6.4.2 

Using Aluminum Alloys with Short 
Chain Aliphatic Acids and Anhydrides. 
sion, 13, No. 12, 786t-792t (1957) Dec. 

The suitability aluminum for han- 
dling low molecular weight fatty acids 
and anhydrides for temperatures 
about has been demonstrated 
extensive laboratory tests and confirmed 
actual service experience for over 
years. the boiling temperature alu- 
minum highly resistant acetic, pro- 
pionic and butyric acids containing from 
about 0.2 0.3 percent per- 
cent water, but not solutions contain- 
ing higher lower amounts water. 
These acids, anhydrides and their mix- 
tures have been processed, stored 
heating coils, drums, tank cars, piping, 
valves, stills, heat exchangers and reac- 
tion vessels. addition excellent re- 
sistance corrosion, aluminum equipment 
has added advantage that does 
not contaminate these products nor alter 
their water-white appearance. 14447 


4.4.6, 4.2.3 

Deposits and Corrosiveness Com- 
bustible Oils During Combustion: Meas- 
urements, Additives. (In Italian.) 
PANETTI. Termotecnica (Milan), 11, 
127-132 (1957) March. 
Ash deposits metal and non-metal- 
lic parts heating equipment; methods 
measuring corrosiveness residual 
oils; available corrosion preventives. At- 
tempts establish, case gas 
turbine, maximum percentages harm- 
ful elements compatible with proper 
functioning equipment: study limited 
sodium, vanadium and sulfur. refer- 
ences.—MR. 14776 
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KEYSTONE 
permanent—high 


asbestos felt 


COROMAT 
durable, soil 
ant underground wrap 

rock tough but 
flexible pipe protector 


BRAND WOVEN MEMBRANE 
for 


spots” and “holidays” 


GLAS 
handwrap 

PITT CHEM” 
long lasting, adhesive tar 
base coating 


product Kerr-McGee) 


Modern, high-speed pipeliners count Ker- 
mac Outer Wrap for maximum protection and 
performance under the roughest operating con- 


ditions. 


Kermac you receive built-in protection 
from corrosion and physical abuse, due the 
bonded fibrous glass mat, which reinforced 
longitudinal direction strong glass yarns, 


and saturated with special bitumen. 


The exceptional performance Kermac Outer 
Wrap has been proved the field for years. 
Fewer breaks and wrapping failures per mile 
have permitted increases 50% the 
amount wrapping done one day. Kermac’s 
high breaking strength (65 per 3”), to- 
gether with tear strength more than 
pounds, offers greater tension and uniformity 
during wrapping, while its exceptional impact 
resistance withstands lowering-in and backfilling 


shocks and stresses. 


For closer look the industry’s lead- 


ing outerwrap, contact your nearest 


Midwestern representative. 
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4.4.6 
Corrosion Studies Organic Heat- 
telle Memorial Institute, Columbus, Ohio, 
Contract Nos. NObs-65057, Jan. 28, 
1957, pp. 
The corrosion behavior zirconium 
base materials, hafnium, high-strength 
aluminum alloys, and Type 304 stain- 
less steels was studied. studies 
were conducted isopropyl biphenyl 
and biphenyl, with and without addi- 
tions water and hydrogen, over the 
temperature range 600 800 The 
materials were evaluated 
weight gain, changes bend ductil- 
ity, and metallographic examination 
the samples after exposure the se- 
lected test conditions. Two types 
attack were found: oxidation from water 
the organic fluids, and hydriding from 
hydrogen which was added was gen- 
erated decomposition the organic 
material. Corrosion the formation 
oxide film the structural materials 
was found function the water 
content the organic compound, Un- 
alloyed crystal-bar zirconium, Zircaloy 
and Zircaloy were quite resistant 
biphenyl 800 and isopropyl 
biphenyl 700 when the water con- 
tent the organics did not exceed 200 
ppm. the other hand these materials 
were severely attacked 800 bi- 
phenyl containing 400 ppm water. 
700 isopropyl biphenyl containing 
3400 ppm water, all the zirconium-base 
materials with exception Zircaloy 
exhibited heavy coatings corrosion 
product and high weight gains. Type 
304 stainless steel and hafnium had ex- 
cellent corrosion resistance under all 
test conditions 600, 700, and 800 
while the aluminum alloys showed mod- 
phenyl containing 3400 ppm water. The 
major limiting factor the use 
zirconium-base materials the organics 
tures 700 and above, additions 
hydrogen result severe embrittlement 
the zirconium-base materials. Embrit- 
tlement the aluminum alloys and 
Type 304 stainless steel was 
served any the tests. Pretreatments 
zirconium-base materials consisting 
anodizing percent nitric acid 
were effective reducing hydrogen ab- 
sorption. However, these treatments did 
not prevent embrittlement after extended 
exposure 14538 


4.4.8, 6.2.3, 3.2.3 

The Corrosion Mild Steel Aque- 
ous Ammonium Thiocyanate. 
Applied Chem., 113-117 (1957) Mach. 

The range for localized attack 
was wider with the more 
tions. Solid corrosion products were 
mixtures black iron ferrocyanide and 
free atmosphere, corrosion was more 
severe than with ammonium chloride.— 


BTR. 14342 


4.4.7, 3.4.2 

The Catalytic Effect Metals the 
Corrosiveness Motor Oils. 
DRUZHININA AND TARMANYAN. 
Khimiya Tekhnologiya Topliva Masel 
(Chemistry and Technology Fuel and 
Oils), No. 43-49 (1957) July. 


Susceptibility lead, copper and in- 


dium corrosion was studied. Lead 
was found most susceptible 
corrosion the products oxidation 
residual and distillate oils. Relation- 
ship between catalytic action copper 
ness oils with respect lead and 
lead and indium bearing plates estab- 
lished. tables, figures, references. 
—ATS. (Translation available: Associ- 
ated Technical Services, Box 271, 
East Orange, New Jersey.) 14650 


Concentrator for Coordinated Cor- 
rosion Testing. Contribution the 
Work NACE Technical Unit Com- 
mittee T-4B Corrosion Cable 
Sheaths. Oliver Henderson and Louis 
Horvath. Corrosion, 13, No. 12, 799t-802t 
(1957) Dec. 


concentrator for coordinated corro- 
sion testing described with which 
simultaneous voltage readings can 
made and which requires only one suit- 
able voltmeter. 


The test box contains nineteen 
capacitors, each which accepts 
charge from one the external test 
circuits. the desired instant test- 
ing, the external circuits are all discon- 
nected from the capacitors the open- 
ing gang-type relays. The voltage 
standing each capacitor then the 
corresponding voltage the particular 
external circuit the instant discon- 
nection. means rotary switch, 
these voltages can taken off 
sequence and read out suitable ex- 
ternal voltmeter the convenience 
the observer. 


The advantages derived from the use 
the test box are follows: One 
meter observer can duplicate the work 
per-circuit basis; One accurate volt- 
meter, having high input impedance, 
can selected for use rather than using 
fluctuation measured voltages, the 
data obtained are more accurate than 
ordinarily can obtained direct 
readings meter test circuit; 
The readings are truly simultaneous; 
The use one observer and one 
meter avoids variances formerly intro- 
duced human characteristics and 
meter dissimilarities. 14453 


4.6 Water and Steam 


4.6.2 

Boiler Feed Water Treatment for 
Advanced Steaming Conditions. 
CESTER. Trans. Inst. Marine Engrs., 69, 
No. 129-136 (1957) April; Corrosion 
Prevention and Control, No. 53-58 
(1957) June. 


The modern trend towards the opera- 
tion boilers higher steam pressures 
and temperatures arises from the desire 
both turbine and boiler designers 
secure increased thermal efficiencies. 
paramount marine engi- 
neers the power/weight ratio such 
steam raising plant and its effect upon 
the overall design ships’ machinery 
and economy operation the com- 
plete machinery installation. obtain 
such performance has necessitated con- 
tinued research into the fundamentals 
the steam generation process. 

The higher operating pressures and 
steam temperatures, also the higher 
rates heat absorption the furnace 
wall tubes, obviously intensify the many 
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problems associated with long periods 
continuous steaming. Hence 
methods feed water treatment prom- 
proving the operational life marin: 
boiler plant. the purpose th: 
present paper compare and discus; 
recent trends feed water treatment 
and testing 


4.6.4, 7.4.1 

Corrosion Problems Blast Fur- 
nace Water-Cooling System. 
Corrosion Technology, No. 
221-224 (1957) July. 

Describes techniques and designs 
ployed provide practical solution 
corrosion problems blast furnac 
water-cooling system based soft 
water supply. Water-cooling system, 
ternal pipework and stave coolers 
discussed. Conventional design has cop 
per cooling elements connected 
mild steel pipe conjunction witl 
malleable iron elbows. Data are presente: 
which show that rate flow for cool 
ing water 20-ft. hearth diameter 
was reduced percent years 
due blockage corrosion products 
from iron-to-copper junction. Results 
with copper tubing joined asbestos 
covered rubber hose showed block- 
ing; cost screwed copper connections 
prohibitive. Corrosion preventive de- 
sign stave coolers has straight mild 
steel pipes cast into cooler and copper 
tube inserted. coolers below tapping 
hole and slag notch, pure nickel tubes 
2-in diam gauge were cast in. Steel 
sleeve screwed externally 2-in B.S.P. 
thread was bored out fit over end 
nickel tube and welded outer end 
prior casting. Screwed connection 
provided copper-nickel junction with ex- 
ternal copper pipework, that water 


makes contact with cast iron steel. 
—INCO. 14683 


4.6.4, 5.8.2 

Inhibiting Cooling Water Tower 
System. Jr. Corrosion, 
13, No. 11, 711t-718t (1957) Nov. 


When recirculating cooling tower sys- 
tems are used source cooling 
water for plant operations, quality and 
composition the initial and make-up 
water systems are not the only factors 
considered when selecting in- 
hibitor. Also important are the contami- 
nating factors introduced from the at- 
mosphere. 


This paper describes situation wherein 
one plant the initial inhibitor treat- 
ment became ineffective due expansion 
plant activities and introduction addi- 
tional and greater amounts atmospheric 
contamination, The value laboratory 
screening tests followed plant tests 
assure proper protection are discussed. 
result this incident the value con- 
tinuous testing the field versatile 
and ever-growing plant reported. 14403 


4.6.4, 5.8.1 

Non-Chemical Factors Affecting In- 
hibitor Selection and Performance Air 
Conditioning Cooling Waters. 
SussMAN. Corrosion, 13, No. 11, 
710t (1957) Nov. 

The rapid growth air conditioning, 
particularly urban areas, has 
plied cooling water corrosion problems. 
The effectiveness corrosion control 
chemical inhibitors these systems 
subject non-chemical factors 
degree not usually encountered the 
larger industrial cooling systems. These 
considerations include economic, me- 
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form and package 
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GRADES AND PACKAGES 


Technical 
Granular Granular 69-70% 
(Solution) 


(99.8% pure) (99.9% pure) 


Paper bag 
100 net 


Burlap bag 
(Triotex) 
100 net 


pick 
the grade, 


you need 


Fiber Drum 
400 net 


Steel Drum 
100 net 


Tank Cars 


the Mutual line chromium chemicals 
there grade, form and package each 
product that’s right for 

For example, Mutual Sodium Bichromate 
available both Technical and C.P. grades, 
granular and solution form, and variety 
packages insure the most efficient and 
economical application your processing 


Mutual Chromium 
Chemicals 


Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 


Koreon (One-Bath Chrome Tan) 


MUTUAL Chromium Chemicals are available through dealers and 
SOLVAY branch offices located major centers from coast coast. 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 


requirements. Mutual technical service men 
can help you choose wisely and aid apply- 
ing the product your process. 

emergency, your order for any Mutual 
product can transit matter hours 
after placed. This typical Mutual 
service, backed over 100 years America’s 
first producer chromium chemicals. 


MUTUAL CHROMIUM CHEMICALS 
SOLVAY PROCESS DIVISION 
Allied Chemical Dye Corporation 


Please send your Bulletin 52, “Chromium 
Chemicals,” return mail. 


Please have representative call. 


COMPANY. 


STREET. 
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chanical, human and legal factors. The 
use untrained personnel for equip- 
ment operation and maintenance can re- 
strict the choice inhibitor negate 
otherwise satisfactory corrosion con- 
trol program, well increase safety 
hazards. 

Selection the inhibitor and its use 
are restricted many cases legal 
requirements pertaining cross-connec- 
tions, water conservation, or waste 
disposal. Equipment location, rarely 
considered from the viewpoint main- 
tenance and corrosion centrol, fre- 
quently factor the inhibi- 
tor and its Attempts 
keep equipment and operating costs low 
frequently have secondary effects upon 
corrosion control. 14405 


4.6.4, 5.8.2 

Factors Other Than Mineral Content 
Which Influence the Corrosiveness 
Cooling Water. Hurst. Corrosion, 
13, No. 11, 696t-700t (1957) Nov. 

There are, several factors other than 
mineral constituents which determine 
the corrosiveness cooling water. 
These factors include microbiological 
activity, silt and debris, suspended solids, 
dissimilar metals and hydrocarbon pol- 
lution. The complete effective perform- 
ance cooling water corrosion pre- 
vention cannot realized 
without controlling these factors. Data 
are show the effect summer 
and winter Slime corrosion rates 
the presence inhibitor. 14419 


4.6.4, 2.3.4, 3.6.6, 5.8.1 

Evaluation Inhibitors for Cor- 
rosion Prevention Engine Cooling 
System. Rowe. Corrosion, 13, 
No. 11, 750t-756t (1957) Nov. 

The variation coolants used 
multi-metal engine cooling system offers 
challenge for corrosion inhibition. The 
diverse characteristics this system are 
discussed along with their relationship 
the selection laboratory test meth- 
ods investigate inhibition, 

rotating specimen type test 
used for the evaluation. The effective- 
ness inhibitors, such sodium 
borate, sodium nitrite, sodium benzoate, 
potassium dichromate, soluble oil, and 
sodium mercaptobenzothiazole, com- 
pared means this test. Various 
test media are used, including ethylene 
glycol-water mixtures and tap water with 
and without additional corrosive con- 
stituents. The metals investigated are 
steel, copper, brass, aluminum, cast iron 
and solder. The results are based 
rate, microscopic examination, 
pit depth when applicable, and other 
examinations. This work includes 
the results one year static room tem- 
perature tests thirteen galvanic couple 
combinations for each inhibitor. 

Based the results obtained con- 
ventional corrosion tests, final exami- 
made laboratory model which sim- 
ulates engine cooling system. This 
test indicates effective inhibition this 
combination system using either 
copper-brass aluminum radiator. 

14431 


4.6.11, 6.6.11, 6.6.5, 7.10 

Jackets Creosoted Wood Protect 
Concrete Piles. Mann. Am. Wood 
Preservers Inst. Eng. News-Record, 158, 
No. (1957) Feb. 14. 

Deterioration precast concreted 
piles tide waters and adjacent 
New York City was prevented 
riods ranging years means 
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placement pressure creosoted wood 
jackets tide zone. contrast this, 
structure comprising about 1,000 
unprotected piles same tide waters, 
over 970 required extensive and costly 
repairs. Lumber jackets was pressure- 
creosoted protect against decay 
above-water and alternately wet-and- 
dry area tide zone and protect 
against activities marine wood borers 
which infest waters. For such protection, 
heavy absorptions coal tar creosote 
are mandatory since important struc- 
tural species wood grown 

can resist marine borer attacks when in- 
stalled untreated condition. Photos. 
—INCO 14795 


4.7 Molten Metals and 
Fused Compounds 


4.7, 3.5.4, 6.2.2 

Stability Iron Toward Lithium 
Elevated Temperatures Under Cyclotron 
American Aviation Inc. Atomic 
Energy Comm. Pubn., NAA-SR-73, Aug. 
27, 1952 (Declassified March 
pp. Available from Office Tech- 
nical Services, Washington, 

Iron capsules containing lithium were 
irradiated temperatures 625 and 
910 with the direct beam the 
Berkeley 60-in. cyclotron, investigate 
radiation-induced corrosion. Chemical 
analysis the lithium showed 
increase corrosion 625 and 
indicated that there probably was little 
effect corrosion 910 Metallo- 
graphic and X-ray studies carried out 
the iron specimens indicated only 
slight structural changes, any, attrib- 
utable irradiation either tempera- 


ture. 14747 


4.7, 6.6.4 

The Action Molten Uranium 
Graphite. Swarts: Knolls Atomic 
Power Lab.-U. Atomic Energy 
Comm. Pubn., KAPL-1765, April 
1957, pp. Available from 
Technical Services, Washington, 

approach was developed for study- 
ing the long-term interaction between 
molten uranium and graphite the 
temperature range 1150 1400 Pre- 
liminary results indicate that this 
system adherent, protective carbide 
coating forms the graphite rate 
strongly dependent upon the tempera- 
ture. 14820 


Handling Techniques for Rubidium. 
Oak Ridge National Lab. Atomic 
Energy Comm. Pubn., ORNL-1991, 
Dec. 12, 1955 (Declassified March 
1957), pp. Available from Office 
Technical Services, Washington, 

Procedures are outlined for opening 
containers received from sup- 
pliers, distillation and filtration rubi- 
dium, and loading liquid 
corrosion-testing systems. The corrosive 
effects liquid rubidium Inconel 
elevated temperatures (~1500 were 
investigated. Physical properties rubi- 
dium are tabulated.—NSA. 14816 


4.7, 6.2.5, 6.3.10 

Metallurgical Investigations Sodium 
Heat Transfer Rig. Warp 
Taytor. Great Britain Atomic En- 
ergy Res. Establishment, Harwell Berks, 
England, Rept. M/M- 148, Feb., 1957, 
pp. 

study was made the attack 


both oxygen-free and contaminated, 
temperatures the range 300 600 
static and dynamic tests. number 
miscellaneous metallurgical investiga 
tions components taken from stain 
exchange rig are also reported. 
the conditions test, stainless steel 
the wt. percent chromium-8 wt. per- 
cent nickel containing free carbide, un- 
dergoes considerable attack, both 
static and dynamic tests sodium 
nominally free from and also heavily 
contaminated with oxygen. From the 
evidence available suggested that 
the mode attack consists decar- 
burizing action which 
granularly and modifies the spheroidal 
carbide the affected region diffu- 
sion this phase into the matrix. Under 
similar test conditions nickel undergoes 
detectable corrosion even the high- 
est temperature. recommended that 
prior inspection carried out stain- 
less steel for use systems containing 
sodium temperatures above 300 
ensure that the steel specification has 
been fulfilled and that the material 
devoid free carbide. 


4.7 

Static and Dynamic Corrosion and 
Mass Transfer Liquid Metal Systems. 
Epstern. Knolls Atomic Power 
Lab. Chem. Eng. Progress, 53, Sympo- 
sium Ser. No. 20, 67-81 (1957). 

many systems involving liquid 
metals, the principal mechanism cor- 
rosion solid exposed the fluid 
simple solution. static isothermal 
assembly the rate corrosive attack 
determined the classical theory in- 
volving the solution rate constant 
The value this parameter depends 
whether the rate-determining step 
the diffusion the solute through the 
liquid transfer the solute through 
solid film some product chem- 
ical reaction the solid-liquid interface. 
countered heat transfer loops, where 
parts the system are different 
temperatures and the fluid flows con- 
tinually from the hot the cold zone, 
different expressions are obtained for 
the corrosion rate depending whether 
These results are examined for few 
solid-liquid metal systems, and quantita- 
tive relations capable yielding order- 
of-magnitude agreement with experi- 
ment are obtained. The material dissolved 
the hot zone heat transfer loop 
tends deposit out solution the 
cold zone, resulting over-all trans- 
port material. Factors influencing this 
mass transfer rate are examined. The 
effects minor impurities the solvent 
accelerating and inhibiting corrosion 
are discussed. 14606 


4.7, 5.3.4, 8.8.5 
The Attack Molten Zinc Contain- 
ing Cadminum Iron. (In German.) 
No. 195-199 (1957) April. 
Experiments showed that the attack 
zinc iron increased the pres- 
ence percent cadmium. The 
temperature range which the attack 
accentuated and proceeds linearly 
extended, particularly downwards, The 
rate parabolic attack temperatures 
below and above the critical ‘linear’ 
range determined the rate dif- 
fusion through the the occur- 
rence linear attack due the 
break-up the Determination 
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Save replacement and avoid downtime due corrosion air conditioning equipment, refrigerating 
systems, cooling towers, heat exchangers, boilers, hot water heating systems, pumps, compressors, diesels, 


Closed re-circulating systems stay sealed against corrosion 
when you use Columbia-Southern Sodium protective film 


Actual user show that de- 
structive corrosion can eliminated 
closed systems carry- 
ing common aqueous solutions. Pipes, 
pumps and other normally vulnerable 
netallic equipment show signs 
Reason? Columbia-Southern 
Chromate was added. 

The chromate forms thin but 
lurable passivating film surfaces 
hrough which carried solution. 
this film formed contin- 
ous chemical deposition, provides 


equally effective seal for a// surfaces: 
straightaways, joints, turns. And 
long sufficient Columbia-Southern 
Sodium Chromate present the 
solution, this film instantaneously 
self-renewing. Active chromate ions 
reseal any point scratched 
broken abrasion. 
Columbia-Southern Sodium Chro- 
mate packaged anhydrous powder 
100 Ib. bags and 200 fiber drums. 
Write our Pittsburgh address 
any our fourteen district offices for 


more complete information. And log 
this your operating manual: this 
quality-controlled chromate goes into 
your solutions, corrosion goes out. 


COLUMBIA-SOUTHERN 


CHEMICAL CORPORATION 
SUBSIDIARY PITTSBURGH PLATE GLASS COMPANY 


ONE GATEWAY CENTER PITTSBURGH 22- PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati © Charlotte 

Chicago Cleveland Boston New York 

St. Louis © Minneapolis New Orleans 

Dallas * Houston Pittsburgh © Philadelphia 
San Francisco 


IN CANADA: Standard Chemical Limited 
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iron loss. Growth the 


alloy layers. 


4.7, 6.3.20 

Effect Sodium the Mechanical 
Atomics International Div., North Amer- 
ican Aviation, Atomic Energy 
Commission Pubn., NAA-SR-1867, June 
15, 1957, pp. Available from Office 
Technical Services, Washington, 

Zirconium useful structural 
nuclear reactors, and em- 
contact with high temperature 
sodium. was found that surface 
oxide which develops zirconium 
sodium significantly lowers the fatigue 
life elevated temperatures. Hydrogen 
the other hand has very little effect 
the fatigue life elevated tempera- 
tures but lowers the fatigue life room 
was also found that ex- 
aggerated grain growth which occurs 
above 950 zirconium severely re- 
duces the fatigue life elevated well 
low temperatures. The effect so- 
dium, i.e., the pick-up surface oxide 
and reasonable amounts hydrogen, 
does not significantly alter the tensile 
properties zirconium high tempera- 
ture. Data also indicate that zirconium 
stable dimensional changes after 
thermal cycling. 


4.7, 6.3.10 

Two-Phase Product Formed the 
Reaction Between Fused Sodium Hy- 
Ridge National Laboratory. Atomic 
Energy Commission Pubn., ORNL-2129, 
April, 1957, pp. 

Reaction consisted the selective 
leaching iron and chromium from 
their solid solution with nickel. The re- 


action product, mixture oxides and 
sodium oxysalts, grew network 


narrow channels which, starting from 
the hydroxide-metal interface, penetrated 
along preferred paths into the underly- 
ing Inconel.—BTR. 14378 


4.7, 3.7.3 

Sodium Corrosion and Oxidation Re- 
sistance High-Temperature Brazing 
Oak Ridge Nat'l. Lab. Weld- 
ing J., 36, No. 217s-225s (1957) May. 

Summary sodium corrosion and ox- 
idation tests high 
ing alloys developed for use fabrica- 
tion high-temperature heat exchanger 
equipment. Specimens were T-joints 
“A” nickel, Inconel, Type 304 and Type 
310. Tests sodium were conducted 
1500 while oxidation tests were run 
1500 and 1700 Majority alloys 
tested were nickel-base. Alloys sys- 
tems nickel-silicon-boron, nickel- 
chromium-silicon-boron 
mium-silicon types were found 
compatible both media. Precious-metal 
alloys (palladium and gold) were severely 
attacked sodium, were many 
the silicon-free, chromium-free, phos- 
phorus-bearing alloys. Alloys containing 
manganese exhibited poor resistance 
oxidation 1500 most cases, oxi- 
dation was more pronounced 1700 
Tables, 


14367 

4.7, 8.8.5 
Contribution the Problem the 
Life Lead Bath Pots. 
MACHER AND Stahl und Eisen, 
77, No. 13, 837-844; disc., 844-845 (1957) 

June 27. 
Reviews former findings, preliminary 
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tests and test practice, and discusses 
corrosion rate being dependent the 
annealing time and temperature. Effect 
condition material considered. 
Killed Siemens-Martin steels were more 
resistant lead attack than un-killed 
Siemens- Martin steel. This was con- 
firmed service tests annealing time 
300 hours and annealing temperature 
720 was also shown that heat 
resistant chromium and chromium-nickel 
steels had unusually high resistance 
corrosion attack lead. Tables, graphs, 
14350 


4.7 

Corrosion Several Materials the 
Fused Alkaline Salt (the Mixture 
Sodium Hydroxide-Sodium Bromide- 
Sodium Iodide) and Sodium Amalgam 
Soc. Japan, Ind. Chem. Section, 60, No. 
675-676 (1957) June. 

order select the materials for 
metallic sodium cell amalgam process, 
corrosion rates several materials were 
determined. supposed that nickel 
and iron are not attacked these cor- 
rosive liquids room temperature, 
corrosion these metals was examined 
higher temperature. Next, non-metal- 
lic materials, for flange packing, stuff- 
ing box and on, and then metals, 
which were coated with protecting film 
their surface were also studied. 
alkaline salt, nickel and stainless steel 
were scarcely attacked. The corrosion 
mild steel was relatively vigorous, 
but that with the film iron phosphate 
its surface greatly decreased and any 
change the surface was not found for 
ten hours. Such Parkerized mild steel 
may one the materials suitable for 
industrial use. was found 
tered alumina was attacked less and 
most available for the small scale ex- 
periment. Most the silicates were 
decomposed with alkali and dissolved 
the fused salts sodium silicates. 
Rubberized asbestos, Kel-F and Teflon 
resins could serve insulator, but were 
gotten out shape the long run 
higher temperature. 

the other hand, nickel and iron, 
which are not attacked sodium amal- 
gam room temperature, dissolved 
amalgam higher temperature, and 
the amalgam was contaminated with 
these metals. This effect increased gen- 
erally with temperature and also with 
amalgam concentration. The formation 
iron phosphate film retarded this ef- 
fect the fused alkaline electrolyte, 
and considered that iron phos- 
phate coating all parts electrolytic 
cell very effective inhibiting cor- 
14348 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


Study Current Distribution 
Cathodic Protection. U.S 
Naval Research Laboratory, Report 
4868, Jan., 1957, pp. 

Effects solution resistance and ca- 
thodic polarization. Advantages good 
paint 13794 


Cathodic Protection Handbook. Os- 
Co. Petroleum Refiner, 36, No. 

115-128 (1957) June. 
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and techniques field measurement are 
given. Table gives electromotive series 
materials including Ni-Resist, stain- 
less steel, nickel, Hastelloy and Mone’. 
Galvanic protection condenser 
heat exchanger heads described. Gal- 
vanic series given metals and alloy; 
foot per second sea water 
includes copper-nickel and Monel. 
thodic protection miscellaneous ma- 
rine equipment and underground 
lines described and economics 


thodic protection are considered. Photos 
tables, graphs, 


Properly Placed Anodes Protect 
tion Piping. Ransom. Pipe 
Ind., No. 20-23 (1957) March. 


The design and maintenance dis- 
tributed anode systems for 
protection compressor station 
discussed. 14330 


Trial Cathodic Protection 
Sea-Water Tank. Pt. II. the Com- 
bination Electrocoating the Cur- 
rent from External Source and High- 
Purity Zinc Anodes. (In Japanese.) 
Sopa. Corrosion Engineering, No. 
40-43 (1957) Jan. 

The inner surface steel tank con- 
taining sea-water was electrocoated 
electricity from external source, under 
the condition the current ampere 
and ampere-hour per square meter 
protected area respectively. The coated 
surfaces were then protected with high- 
purity zinc anodes for about 2000 hours. 
The coating obtained was found 
excellent that the necessary current 
maintain the protective potential was 
about 5-10 milli-ampere per square 
meter steel surface. The potential dis- 
tribution tank and anodic current 
zinc were frequently measured. Through 
the test, the high-purity zinc anodes 
held more negative potential than 
—1.0 volt referred satd. calomel and 


even reached anode efficiency per- 
cent.—JSPS. 14361 


5.2.1, 8.9.5 

Marine Cathodic Protection. 
WHITEHEAD. Corrosion Prevention Con- 
trol, No. 59-60 (1957) June. 

Discusses formation pits and cor- 
rosion products oil tankers. Oil film, 
due its ohmic resistance, will reduce 
galvanic action, but, where film broken, 
additional corrosion currents are set 
which intensify local anodic corrosion 
rate. With installation anodes pro- 
duce high intensity current, previous 
corrosion products form scale are 
removed, calcareous film formed, and 
current requirements drop. Installation 
using finned anodes (designed for 4-year 
service), and impressed current 
scheme, using silicon iron anodes, are 


described.—INCO. 14841 


5.2.2, 8.9.3 

‘Built-In’ Anodes Protect Submarine 
Line. STEGNER AND BAXTER. 
Pipe Line Industry, No. 28-31 (1957) 
Sept. 

Installation zinc anodes protect 
the center miles sub- 
marine line described. The anode 
rings are designed flush with the 
concrete weight coat which 
later and are expected provide 
year protection without maintenance. 
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5.2.2 

The Current—Voltage Relationship 
Galvanic Anode Arrays Cathodic 
Naval Research Labo- 
Report 4891, Feb., 1957, pp.— 
BTR. 14390 


2.2, 8.9.5 

Results Obtained with Magne- 
sium Anodes. (In Japanese.) 
1957) May. 

Experiments cathodic protection 
ith magnesium anodes have been 
arried out using tug boats, Daiichi- 
and Hiyama-maru. the 
anodes system was found 
difficult control the anode cur- 
ent, especially over-current occurred 
Therefore, the paint coats 
vere damaged and the consumption 
magnesium anode was accelerated. 


14366 


Automatic Regulator for Cathodic 
Protection Pipe Lines. (In Russian.) 
Avtomatika Akad. Nauk, Ukr. S.S.R., 
Yo. 18-26 (1957) March 20. 

constant potential may attained 
with the aid automatic reg- 
lator which continuously changes the 
esistance the current circuit. The use 


CORROSION 


cathodic protection service 


Twenty cathodic protection 
engineers with 
tetal ever 150 years 
ence aveilable serve 
with ABILITY and 


Houston, 4601 Stanford 
BRANCH OFFICES 
Tulsa New Orleans Corpus Christi Denver 


Cathodic Protection 
SURVEYS * DESIGNS * ENGINEERING 


Pipes Lines Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems ¢ Barges 


CORROSION RECTIFYING CO. 


5310 ASHBROOK PHONE: 7-6659 
BOX 19177 HOUSTON, TEXAS 


CORROSION SERVICE LIMITED 
Offers CANADA 


Complete Service Corrosion Engineering 
Design and Installation Cathodic Protection 
Systems. 

Resistivity and Electrolysis Surveys 
Selection and Application Protective Coatings. 


Dundonald St., Toronto, Canada 


CORROSION ENGINEERING 


EBASCO SERVICES 


INCORPORATED 


TWO RECTOR STREET, NEW YORK 6, N. Y. 


CHICAGO «+ DALLAS * PORTLAND, ORE. 
SAN FRANCISCO © WASHINGTON, D. C. 


CORROSION ABSTRACTS 


direct current 
14678 


5.2.4, 8.4.3, 2.3.5 

Current Requirement for Cathodic 
Protection Oil Well Casing. 
Corrosion, 13, No. 11, 767t- 
774t (1957) Nov. 


Methods present used indicate 
the minimum applied current required 
give complete cathodic protection are 
discussed and evaluated terms 
their scientific basis and their applica- 
bility the protection oil well casing. 
Laboratory experiments are described 
involving the application cathodic 
protection currents series assembly 
galvanic cells. The results these 
experiments lead modification 
the log current—potential criterion 
complete protection widely used the 
present time. The experiments also in- 
dicate the amount corrosion repressed 
function the applied protection 
current, information which consid- 
erable value when economic balance 
involved. 14433 


5.3 Metallic Coatings 


5.3.4, 3.2.2, 2.3.7 
Designed Properties High-Strength 
Steels the Presence Stress Concen- 
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trations and Hydrogen Embrittlement. 
Pt. The Response High-Strength 
Steels the Range 180,000-300,000 
psi Hydrogen Embrittlement from 
University. Wright Air Develop- 
ment Center, Tech. Rept. 56-395, Part 
March, 1957, 129 pp. Available from 
Office Technical Services, Dept. 
Commerce, Washington, (Order 
131034). 

Embrittlement high strength steel 
from the action hydrogen introduced 
cadmium electroplating was studied 
sustained-load, rotating beam fatigue, 
and bending tests. Among the observa- 
tions, was found that all steels are 
embrittled some measure after cad- 
mium plating. Baking treatments re- 
move some the embrittlement, im- 
provement promoted redistribution 
rather than elimination hydrogen 
from the steel. The observation that fail- 
ure promoted plating affected 
experimental conditions discussed 
length. Cracking the hydrogen bear- 
ing zone seemed dependent, part, 
composition and minimized reduc- 
tion carbon increase silicon. 
Sustained-load and bend tests were 
shown suitable for embrittlement eval- 
uation ultra high-strength steels. The 
rotating beam fatigue test relatively 
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insensitive embrittlement, but 
excellent measure the notch 
steel, according the re- 
port.—OTS. 14667 


5.3.4 

The Sherardizing Process: Influence 
Part Shape the Depth the 
Sherardized Coatings and Their Cor- 
Resistance. (In Italian.) 
AND Metallurgia Itali- 
49, No. 355-362 (1957) May. 

experimental sherardizing drum 
diameter and in. long was used 
study factors affecting the coatings 
hollow and tubular parts. 
The importance using sherardizing 
mixture that does not easily coalesce 
emphasized; the best results were found 
when the mixture contained coarse zinc 
dust (0.2-1 mm) and fine dust 
together with percent wood charcoal 
and percent sand. Charcoal was more 
effective than sand preventing coa- 
lescing, but more than percent made 
the coating too dark. Coating weights 
inside and outside tubes are tabulated; 
generally the outside coating was about 
twice heavy the inside. The results 
salt spray tests are also described. 
Different methods surface prepara- 
tion steel for sherardizing are now 
being studied.—ZDA. 14731 


6.3.17 

Surface Alloying Uranium. 
Battelle Memorial Institute. Atomic 
Energy Comm. Pubn., BMI-895, Jan. 
1954 (Declassified Feb. 26, 1957), pp. 
Available from Office Technical Serv- 
ices, Washington, 

Several methods producing sur- 
face layer corrosion-resistant alloy 
uranium were investigated. Cementation 
metal powders zirconium, molyb- 
denum, niobium, nickel, iron, chro- 
mium uranium produced spotty 
coatings which were rough and tested 
erratically boiling water. Reduction 
zirconium hydride uranium strip 
resulted porous metallic coating, 
and metallic additions the zirconium 
hydride failed reduce substantially the 
porosity the coatings. Other methods 
surtace alloying, such formation 
the hydride “in situ” with subsequent 
reduction, and miscellaneous techniques 
resulted coatings less desirable than 
those obtained cementation re- 


duction zirconium hydride. (auth.)— 
NSA. 14773 


5.4 Non-Metallic Coatings 
and Paints 


$.4.2, 6.6.5, 6.2.2 

Anodic Corrosion Iron Rein- 
forced Concrete. (In Italian.) 
MARAGHINI AND CESARE GINNAR. Ricerca 
Scientifica, 27, 1500-1508 (1957) May. 

Iron bars were coated with different 
types cement mortar and seasoned 
months. Spontaneous corrosion dur- 
ing seasoning was slight and did not in- 
terfere with results tests for anodic 
corrosion. Variations quantity elec- 
tricity passed through specimens caused 
marked differences corrosion, possibly 
due nature cements and presence 
chlorides. Variations current den- 
sity caused minimum variation 
tween protective action cement and its 
capacity oppose local variations 
pH. Measurement difference poten- 
tial applied system function 
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time permitted determination phenom- 
ena accompanying cracking cement 
coatings.—MR. 14813 


5.4.2, 2.2.2 

Fifteen Year Exposure Test Por- 
Harrison. Dept. Commerce, 
Nat. Bur. Standards, Building Materials 
Structures Rept. No. 148, June 28, 
1957, pp. 

Weather resistance 768 panels repre- 
senting types enamel was evaluated 
after years exposure Washington, 
C., St. Louis, Mo., Lakeland, 
and Atlantic City, Changes 
gloss and color were taken criteria 
weather resistance. Direct relation 
existed between acid resistance and 
weather resistance, except that few 
red enamels good acid resistance 
showed pronounced fading after expo- 
sure. Modified acid (boiling nitric acid) 
test was devised that separated red 
enamels that tend fade from these 
highly resistant color change. Results 
boiling nitric acid test are given 
Ease cleaning was related 
weather resistance. All the enamels 
protected steel from corrosion when 
initial coverage was complete. Tables, 
14331 


5.4.2 

Characteristics Refractory Oxide 
Coatings Produced Flame Spraying. 
Paper before Am. Soc., 58th 
Ann. Mtg. New York, April 23, 1956. 
Am. Ceram. Soc., 40, No. 69-74 
(1957) March 

Description techniques and meth- 
ods application flame-spraying 
ceramic materials. Discussion proper- 
ties materials includes reference 
cobaltous oxide rods. 
density, porosity, thermal expansion, 
thermal stability and mechanical prop- 
erties are given for coatings made from 
rods alumina, zirconia and zircon 
stainless steel. Photomicrographs, graphs. 
—INCO. 13787 


5.4.5 

Current Views How Paint Films 
and Colour Chemists’ Assoc., 40, 
183-199 (1957) March. 

Mechanism the corrosion iron 
and steel and the arguments which led 
the conclusion that protection asso- 
ciated with high electrical resistance; 
the effect ions this resistance 
considered. The ions may underneath 
the paint film and consequently short- 
circuit the high resistance they may 
occur outside the film and bring about 
decrease resistance diffusing into 
the film—MR. 13784 


5.4.5 

Fluidized Plastic Coatings for Corro- 
sion Resistance. NEUMANN AND 
Product Eng., 28, No. 
140-143 (1957) Jan. 

Powder dip process provides uniform 
corrosion-resistant coatings intricate 
parts. Parts coated are heated 
melting range plastic, then immersed 
bed specially prepared plastic 
powder, maintained fluidized condi- 
tion compressed air inert gas. 
Upon removal, residual heat melts and 
levels adhering powder particles smooth, 
non-porous resin coat. Mechanism 
fluidization, coatings available, cost fac- 
tors, and applications are discussed. 
Table presents data corrosion resist- 
ance fluidized polyethylene coating 
sulfuric, nitric, hydrochloric, phosphoric, 


Vol. 


chromic, formic, citric and lactic acids, 
and caustic 13819 


5.4.5 

Structure, Characteristics and Uses 
13, No. 12, 130, 132, 138 (1957) 

ec. 

Molecular configuration the isocy- 
anate polymers given, together with 
brief explanation the linkages which 
give the coatings and materials derived 
from them their properties. Examples 
are related and illustrated successful 
service use urethanes Germany. 
Results laboratory tests versus com- 
petitive high grade coatings submerged 
water and subjected several chem- 
icals are described and illustrated. 

new isocyanate adduct containing 
less than one percent the irritating 
free tolylene diisocyanate monomer 
being produced. This material 
proved the extent that precautions 
not presently used handling coatings 
containing solvents are Pre- 
sented under the title “Urethane Coat- 
ings” the 13th Annual Conference, 
National Association Corrosion En- 
gineers, St. Louis, Mo., March 11-15, 
1957. 14441 


5.4.5 

Some Keys Successful Industrial 
Contract Painting. Corro- 
sion, 13, No. 12, 134, 136, 138 (1957) 
Dec. 

Successful use the services 
industrial contract painter involves 
establishment painting program, 
compilation specifications, bidding 
procedure which gives all equal 
chance get the work, care select- 
ing responsible contractor, thorough 
inspection assure specifications are 
met. Manufacturers are advised keep 
sales people informed adequately 
technical matters, provide application in- 
structions the men doing the actual 
work, and have technical representatives 
inspect jobs progress check fail- 
ure follow recommendations. The 
contractor should willing stay 
abreast new equipment and materials, 
train his workmen properly and provide 
competent field supervision. Condensa- 
tion paper presented under title “An 
Industrial Painting Contractor Sounds 
Off” the 13th Annual Conference, 
National Association Corrosion En- 
gineers, St. Louis, Missouri, March 11- 
15, 1957. 14442 


5.4.5 

Observations and Experimental Find- 
ings the Influence the Surface 
Preparation the Steel the Behav- 
ior Zinc-Rich Paints. (In Italian.) 
lurgia Italiana, 49, No. 327-332 (1957) 
May. 

After analysis the process 
rusting, the authors describe tests made 
the laboratory and actual expo- 
sure, determine the effectiveness 
zinc-rich paints applied steel samples 
prepared different ways. The labo- 
ratory experiments showed the necessity 
removing much rust possible. 
the paint applied partially 
scaled surface, will peel from regions 
the boundaries the scale while re- 
maining intact where the substrate 
entirely iron entirely scale. Thus all 
scale should removed flame-clean- 
ing, pickling weathering, addition 
brushing off all powdery rust. Where 
thorough cleaning impossible, fin- 
ishing paint should applied. Colored 
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plates illustrate the atmospheric expo- 
sure tests and theoretical explanations 
are put for the phenomena 
14583 


5.4.5, 1.6 

Epoxy Resins: Their Application and 
Technology. Harry Kris 
Book, 1957, 305 pp. McGraw-Hill 
Company, West 42nd 
New York 36, 


ion the epoxies, Extensive tabulated 
ind diagrammed data are given syn- 
hesis and characteristics; curing; amines, 
organic acids, anhydrides 
curing agents; diluents and fillers, plas- 
and flexibilizers, casting and 
adhesives, laminates, coating, han- 
methods and safety precautions. 
alphabetical chemical index in- 
cluded. 14685 


Report Work Commission 
Marine Corrosion (Belgium 
Society for Study, Testing and Use 
Materials.) (In French.) 
Ind. Chim. Belge, 22, 379-392 (1957) 
April. 

Specimens steel were immersed for 
months Port Ostend prior tests 
designed show: influence sur- 
face conditions behavior typical 
paint applied with without wash- 
primer; influence time elapsing 
between application wash-primer and 
paint; behavior different wash- 
primer for given prepared surface and 
given 14646 


5.4.5 

Re-evaluation the Function Pig- 
Digest, Federation Paint and Varnish Pro- 
duction Clubs, 29, No. 387, 351-385 (1957) 
April. 

The author considers, the light 
modern developments, existing theories 
subjects such hiding power and 
color, yellowing interior finishes, 
water resistance and washability, seed- 
ing, chalking and metallic paints. The 
advantages zinc oxide are explained 
preventing the yellowing some 
paints, retarding the breakdown 
the film ultra-violet light and giv- 
ing the film greater scrub-resistance. 
The way which zinc dust paints pro- 
tect steel briefly described. The dis- 
cussion following the paper includes 
short sections primers containing 
cathodic protection and zinc 
oxide exterior latex 

14651 
5.4.5 


How Make Painting Pay. 
Oil, 145, No. 151-152, 157 (1957) 

uly. 

systematic course action designed 
retard eliminate corrosion damage 
through the judicious application 
paint coatings given. Fundamental 
principles good painting practices are 
discussed good engineering design, 
proper surface preparation, choice 
correct materials, controlled application 
and adequate film thickness. Use 
plastic paints storage tanks and off- 
shore drilling equipment discussed. 
Photos.—INCO. 14817 


5.4.5 

Technology Highly Pigmented Zinc 
Dust Paints. Farbe Lack, 
63, No. 435-443 (1957). 


Zinc-rich paints are pigmented 
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volume basis, however, this pigmenta- 
tion only appears that the 
corrosion products the zinc act in- 
hibitors for iron corrosion. Replacement 
portion the zinc metal zinc 
oxide, however, may reduce the degree 
14798 


5.4.5, 2.2.2 

Weathering Characteristics Zinc 
Colour Chemists’ Assoc., 40, No. 212- 
220 (1957) March. 

commercially produced samples 
zinc oxide were incorporated linseed oil 
paints both alone and with other pigments, 


109 


and were exposed out doors Aus- 
tralia. Two main types oxide were 
distinguished; chalking (most indirect 
process oxides) which caused severe 
early chalking and premature failure 
cracking and flaking, and chalk-resistant 
(most direct process and acicular ox- 
ides). made these proc- 
esses were intermediate character. 
Since the tests began some chalk-resist- 
ant indirect process oxides have been 
produced, and the properties 
particular oxide cannot predicted 
from its method manufacture. Chalk- 
ing developed sooner when exposures 
began late spring than late autumn. 
Daily spraying with water accelerated 
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early chalking but did not affect other 
types 14801 


5.4.5 

Theoretical and Electrochemical Basis 
the Use Zinc Paint Systems. 
Lack, 63, No. 430-434 (1957). 

The use zinc-rich paints was dis- 
cussed. Protection iron not thought 
due simple electrochemical 
action, the area contact between 
the metallic zinc and the iron very 
small, and rapidly diminishes. Mecha- 
nisms involving the formation and dif- 
fusion basic zinc salts are postulated. 


—ZDA. 14610 


5.4.5 

Aluminum Paints: Considerations Af- 
fecting Their Formulation. 
FELD. Paint, Oil, Colour J., 131, No. 3046, 
481-482 (1957). 

Properties required aluminum pow- 
ders suitable for use pigments alu- 
minum paints, well characteristics 
essential binders, solvents, driers and 
surface active agents such paints are 
summarized. addition, survey 
given the different types aluminum 
paints available and their applications. 
These types include bronzing liquids, 
bitumen paints, heat-resistant paints for 
use radiators stoves, anticorrosive 
coatings, aluminum paints for use gas 
works, rubber factories wherever sul- 
fur compounds are encountered, alumi- 
num/chlorinated rubber paints, wood 
primers top coats, sprayable auto- 
mobile coatings made 
lose lacquer and aluminum powder.— 


14713 


5.4.5 

Usefulness the Nitroparaffins and 
Other Derivatives the Protective 
Official Digest, Federation 
Paint and Varnish Production Clubs, 29, 
542-559 (1957) June. 

Preparation and reactions epoxy 
resins; use nitroparaffins solvent 
mixtures for epoxies. Solvent and film 
properties epoxy solutions; drying 
14724 


5.4.8, 5.4.2, 7.4.4 

Surface Finishes for Heating Appli- 
ances: Comparison Between Vitreous 
Enamel and Epoxide Paints. 
Oil, Colour Chemists’ Assoc., 
40, No. 478-487 (1957). 

The properties epoxide/urea/for- 
maldehyde systems and vitreous enamel 
systems were compared with reference 
their requirements when applied 
domestic heating appliances. The results 
indicated that the disadvantages 
vitreous enamel surface finish for 
domestic heating appliances was its rela- 
tively poor chip-resistance when com- 
pared with epoxide finishes, whereas the 
epoxide systems were deficient abra- 
sion and heat 


5.5 Oil and Grease Coatings 


Temporary Rust Preventives. 
(London), 90, No. 2312, 537-540 (1957) 
March 

Classifies rust preventives according 
types films which they form. Dis- 
cusses pre-treatment surfaces and 
methods application for oily film type 
and soft film and hard film solvent de- 


126a 


110 CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


posited type, including injection and hot 
dipping. Wrapping treated parts and 
removal rust preventives are covered. 
13822 


5.6 Packaging 


5.6.3, 5.8.4, 4.4.7 

Effect Peroxide upon the Rust- 
Preventing Properties Oils. 
Chem. Soc. Japan, Ind. 
Section, 60, No. 556-560 (1957) 
May. 

Turbine oil containing dissolved benzoyl 
peroxide methyl oleates various per- 
oxide values prevents corrosion mild 
steel proper peroxide-value range. 
Methyl oleate and soybean-oil purified 
alkali showed other effective peroxide- 
value ranges; but when oxidized, they 
showed same effective range 
peroxide. Benzoyle peroxide, lauloyl per- 
oxide, and di-t-butylperoxide have rust- 
preventive effect some concentrations; 
however, their effective ranges are not al- 
ways the same. Effective range 
fluenced the condition measuring the 
peroxide-value. Proper amounts benzoyl 
peroxide showed synergistic effect with 
some polar organic corrosion-inhibitors 
the method static water drop 
14417 


5.8 Inhibitors and Passivators 


5.8.2, 4.6.4, 2.2.7 

Some Experiences with Sodium 
cate Corrosion Inhibitor Indus- 
BEECHER AND LAuRENCE. Corrosion, 
13, No. 11, 719t-724t (1957) Nov. 

The use sodium silicate cor- 
rosion control agent for open-recirculat- 
ing cooling water systems discussed. 
Emphasis placed the results 
tests made with low-carbon steel cou- 
pons eight operating plants. The nor- 
mal development silica films, effect 
prior corrosion and the influence 
pH, water temperature and magnesium 
hardness are discussed. Long-term test 
data indicated that crystalloidal silica 
highly effective stopping corrosion 
mild steel wide variety industrial 
cooling waters, Thirty forty ppm 
silica provided ade- 
quate protection waters containing 
upwards 500 ppm chlorides and 
sulfates. Magnesium hardness concen- 
trations above 250 ppm calcium car- 
bonate was found greatly reduce the 
inhibitive action. 14401 


5.8.2, 4.4.6, 8.4.3 

Spray Injection Liquids into High 
ANTHONY. Corrosion, 13, No. 12, 
127-128 (1957) Dec. 

method adding inhibitors 
spray high pressure gas lines 
described. The method 
differential created orifice plate 
upstream spray nozzle device 
which has moving parts, gives satis- 
factory dispersal inhibitor through 
26-mile line and through gas lift sys- 
tem, and requires very little maintenance 
other than refilling tanks with inhibitor. 

14502 


5.8.3 

Corrosion and Adsorption Studies 
Using Sulfonate Inhibitors. 
Corrosion, 13, No. 11, 733t- 
738t (1957) Nov. 

The existing literature pertaining 


the use sulfonates corrosion inhibi- 
tors reviewed briefly. account 
given radiometric adsorption and de- 
sorption studies made sodium and 
amine salts sulfonic acids. Corrosion 
inhibitor studies also were made these 
salts hydrogen sulfide and carbon 
monoxide environments; some the 
variables encountered include the effect 
of: concentration, solubility, 
molecular weight, and extent neu- 
tralization sulfonic acid. simplified 
explanation the mechanism sulfo- 
nate inhibitors also given. 14434 


5.8.3, 3.8.4 

Adsorption Surface-Active Sub- 
stances Iron Electrode Alka- 
Bull. Acad. Sci. U.S.S.R. 
Akad. Nauk S.S.S.R.), Chemical 
Sciences Division, No. 414-420 (1957) 
April. 

Tetrabutylammonium, naphthylsulfonate, 
and caproate ions, and octyl alcohol 
not lower capacitance iron electrode 
and have little effect hydrogen over- 
voltage. Tannin, alizarin, arsenous oxide, 
and phenol lower capacitance 
crease overvoltage for potentials more 
negative than stationary potential, and 
have effect capacitance for poten- 
tials more positive than stationary po- 
tential. Results attributed surface 
interactions, lack same. figures, 
references—ATS. (Translation avail- 
able: Associated Technical Services, 
Box 271, East Orange, New Jersey.) 

14319 


5.8.4 

Sodium Polyphosphates and Their 
Use Corrosion Inhibitors. (In Italian.) 
Metallurgia Italiana, 49, 333- 
336 (1957) May. 

Physical properties and characteristics 
sodium phosphates; description 
their operation prevent corrosion. 
Attempt logical and coherent inter- 
pretation their inhibiting action can 
made basis different possible 
types cathodic corrosion reaction and 
surface activity characteristics the 
compounds derived from these salts. 
references.—MR. 14680 


5.8.4, 4.3.2, 4.3.3 

Study the Inhibitor Properties 
Some Commercial Additives. 
Titova. Applied Chem., USSR (Zhur. 
Priklad. Khim.), 30, No. 576-581 (1957). 

Five additives are tested corrosion 
inhibitors for iron hydrochloric acid 
and sulfuric acid and for aluminum 
hydrochloric acid and alkali solutions. 
(Translation available: Associated Tech- 
nical Services, Box 271, East Orange, 
New Jersey.) 14412 


5.9 Surface Treatment 


5.9.4, 3.5.8 

Fatigue Durability Carburized 
Steel. Papers before Am. Soc. Metals, 
38th Metal Congress Exposi- 
tion, Cleveland, Oct. 8-12, 1956. Mono- 
graph, 1957, 123 pp. Available from 
American Society for Metals, 7301 Euclid 
Ave., Cleveland Ohio. 

Papers include: “Introduction,” 
Bidwell (pp. 1-10); “Effect Surface 
Condition the Fatigue Resistance 
Hardened Steel,’ Robinson (pp. 
11-46); Stresses Carburized 
Steels,” Coleman and Simp- 
son (pp. 47-67); “Fatigue Durability 
Carburized Steels,” Roberts and 
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NEW SOUND-SLIDE FILM 


See how corrosion inhibitors work 
save you money. Ask your Dowell 
representative for showing this 
new film “Corban Means 


CORBAN CORROSION INHIBITOR CUTS WELL MAINTENANCE COSTS. When 
corrosion forces operating costs and profits down, pick the inhibitor that 
does the job best that’s Corban®. Field experience has proved that Corban 
materially extends the life tubing, pumps and sucker rods wells produc- 
ing corrosive fluids. helps avoid workovers caused corrosion-damage. 
Corban coats all the metal surfaces throughout the well which are contacted 
well fluids. easy use—does not aggravate emulsion problems. 

Corban, polar-type inhibitor, comes several forms: “ready-to-use” 
liquid, concentrated liquid, and sticks. Also, available several 
formulas meet specific well conditions. Call any the 165 Dowell service 
points for recommendation the Corban for your wells. Canada, contact 
Dowell Canada, Ltd.; Venezuela,contact United Oilwell Service. 


Tulsa Oklahoma. 


Products for the oil industry DOWEL 


SERVICE DIVISION THE DOW CHEMICAL COMPANY 


lified 


Mattson (pp. 68-105); “Sum- 
—INCO. 


5.9.4 

The Pretreatment Metal Surfaces. 
Metal Finishing J., No. 25, 
29-36 (1957) Jan. 

paper presented the North- 
West Branch the Sheet and Strip 
Metal Users’ Technical Association, the 
author discusses some the proprietary 
processes used the pretreatment 
metal surfaces including 
tions the Parkerizing and the Bond- 
erizing processes. The factors governing 
their use are 14705 


5.9.4, 5.9.2 


Electrochemical Methods for Decora- 
tive Processing the Surface Alumi- 
num Articles. SHCHIGOLEV. Ap- 
plied Chem., U.S.S.R. (Zhur. Priklad. 
Khim.), 30, No. 882-887 (1957). 

Optimum conditions are given for 
electrolytic and chemical polishing. Ano- 
dizing procedure sulfuric acid yield- 
ing transparent oxide films only slightly 
affecting the shine the aluminum 
recommended, and dye bath formula- 
tions for coloring aluminum gold and 
other colors are presented. references. 
—ATS. (Translation available from As- 
sociated Technical Services, Box 


271, East Orange, New Jersey.) 14759 


5.9.4, 2.3.6 

Investigation the Secondary Struc- 
ture Anodic Surface Layers Alu- 
minum Dye Adsorption. Pt. II. Ki- 
netics Dyeing. CH. 
PAPATHANASIU AND MARANGOSIS. 
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Kolloid-Z., 150, 54-60 (1957); Chem. 
Absts., 51, No. 14, 10207 (1957) July 25. 

The amount dye adsorbed, 
either one the two aluminum oxide 
layers time given the equation, 
kt; this indicates chemical re- 
action. The energy the activation 
21.5 corresponding con- 
trol rate interchange places 
between dye and aluminum oxide, rather 
than diffusion. the first layer, 
the rate constant proportional the 
amount electrical charge that has 
been passed, whereas for the second 
layer independent the amount 
14785 


5.9.4 

Anodic Film Protection Aluminum 
and Aluminum Alloys. (In French.) 
WIEDERHOLT. Rev. 34, No. 245, 
721-733 (1957) July-Aug. 

Necessity for control thickness and 
density oxide coatings; measurement 
coating thickness microscope, 
chemical means and the use the 
isometer; colorimetric determination; 
permeability and efficiency the vari- 
ous sealing processes; corrosion tests 
enabling accurate quality control 
oxide coatings insuring efficient protec- 


tion normal atmospheres. references. 
—MR. 14812 


5.9.4 

Formation and Growth Protective 
Surface Layers Aluminium. (In Ger- 
man.) Hans Metallkunde, 
48, No. 357-360 (1957) June. 

The processes accompanying the for- 
mation protective layers aluminum, 
and the theories advanced therefor are 
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COAT 


SYSTE 


for Superior Corrosion Control 


COATINGS 


CORROSION REPORT 
Material 


Acid 
Alkali 
Solvent 


BISONITE “957” 
Resistance 


Excellent Good Poor 


prevent Corrosion and Contamination 


Food Products 


Salts 


Heavy Chemicals 
Oils and Greases 


Beverages 
Hot Water 
Solvents 


thermally cured coating that resists acids, solvents and alkalis 


Permanent adhesion. 


Withstands 72% caustic 130°C. 
for prolonged periods. 


e Glazed glasslike surface. 


e Greater thickness in fewer coats. 
Reduces cost. 

A NEW Advance in the field of 
applied coatings. 


e Applied by qualified applicators 
across the nation. 


AS BUFFALO WIDE 
UGH AS BUFFALO WIDE = 


Solves many problems of chemical corrosion. For lining tanks, 
tank cars, pipes, food containers, storage bins, fans, ducts, 
hoods, etc. moderate cost. Made company specializing 
in corrosion resistant coatings. Not a side line. BISONITE 
products in many cases have corrected conditions when other 
coatings have failed. Write for descriptive literature. Our 
nearest approved applicator will glad give your coating 
problems immediate attention. 


BISONITE COMPANY, Inc. 


2242 Military Road 
Buffalo 17, N.Y. 


Vol. 


being Current vs. voltage 
curves were measured during the for- 
mation anodic films slightly dis- 
solving electrolytes, subsequent 
application various surface treatments 
The effect irradiation before and afte: 
sealing the layer reported, 
results microchemical investigations 
the oxide coatings are discussed.— 
14657 


5.9.4 

Effect Cations Accumulating the 
Electrolyte the Process Anodic 
Oxidation Aluminum and Its Alloys 
Journal (Ukrain. Khim. Zhur.), 23, 97-102 
(1957); Chem. Absts., 51, No. 14, 10273- 
10274 (1957) July 25. 

The concentration sulfuric acid 
should not drop more than 10-20 percent 
the concentrations aluminum and 
Cu** climb above and 0.0125 
percent, respectively, the electrolyte 
durable coatings good color are 
obtained. Zinc, nitrogen, iron, and 
magnesium ions which collect the 
electrolyte have little effect the coat- 


14652 


5.9.4 

Wear Protection Mild Steel 
Steel Inst., 185, 215-224 (1957) Feb. 

microscopic study the change 
the nature mild-steel surfaces phos- 
phated accelerated iron phosphate, 
accelerated iron-manganese phos- 
phate bath, and the changes during 
subsequent wear 13800 


5.9.4, 6.3.20, 3.5.9 

Dissolution the Oxide Film Zir- 
conium. Acta Metallurgica, 
179-180 (1957) March. 

The rate dissolution the oxide 
film zirconium when heated vac- 
uum was measured comparing colors 
anodic films before and after heating. 
Color changes were uniform and could 
estimated 90A; uniform reduc- 
tion the metal:oxide interface in- 
dicated. graph shows that the rate 
film dissolution varies linearly with tem- 
perature over the range from 425 
625 13798 


5.9.4, 6.2.3 

Chemical Surface 
Structural Steel After 
Corrosion, 13, No. 11, 141-142 (1957) 
Nov. 

method removing millscale and 
preparing for coating structural steel 
the application chemicals after erec- 
tion described. Production phos- 
phate coating application chemi- 
cals chemically cleaned steel after 
erection possible with materials de- 
veloped England and used extensively 
there. Some economic data indicate the 
cost surface preparation the chem- 
ical method has some advantages over 
sandblasting. Extracted from paper 
“The Chemical Surface Preparation 
Structural Steel” presented meeting 
Northeast Region, National Associa- 
tion Corrosion Engineers, Philadel- 
phia, Pennsylvania, October 15-17, 1956. 

14418 


5.9.4, 6.3.15 

Investigations Concerning the Anodic 
Oxidation Titanium. (In German.) 
Boum. Metalloberflache, 11, No. 
197-200 (1957) June. 


The experiments reported were car- 
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Vertical exposed flues Transite Vent Pipe 
form eye-catching design new 
Rockwell Manufacturing Co. installation 


GLANCE this attractive new plant tells you that 
the material used for the exhaust flues vital—vital 
the plant’s appearance vital maintenance 
economy. 

That’s why Walter Wagner Partners, Architects 
Engineers Fresno, Calif., chose Transite Industrial 
Vent Pipe exhaust corrosive fumes from the plant’s 
small parts casting pots. 

Made asbestos-cement, Transite® retains its good 
appearance through years weather. Saves upkeep, 
because never needs painting preservative coating. 
Saves maintenance, because resists the attack 
most gases, mists, fumes, and dusts. Installed indoors 
out, Transite offers you these same appearance and 
maintenance-free advantages. 

Transite also offers many layout and installation 
economies. wide variety fittings, diameters and 


\ 


lengths makes readily adaptable every vent- 
ing service. Ease cutting and handling add 
Let send you DS-336—a 24-page brochure 
Johns-Manville, Box CO, New York 16, 


Architects & Engineers: Walter 
Wagner & Partne's, Fresno, Calif. 
' Mechanical Contractor: Robert 
| Wright Plumbing, Porterville,Calif. 


Transite exhaust flues. Joined 14-gauge 


metal bands, each flue has clean, unbroken 
appearance, 
100 YEARS QUALITY 
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CHEM-WELD PLASTIC 
DRAINAGE PIPE 


is a profit-maker from-the word “go”! 


Tough, strong and durable, 
DRAINAGE PIPE the 
plastic drain pipe. Yet, it is remarkably 
light-weight, easy to store, quick and simple to 
install with waste. Chemically-fused 
joints are water-tight and root-proof. 
Completely resistant rust and corro- 
sion from electrolysis. Once insta/led it stays 


down! 


SOUTHWESTERN CHEM-WELD 
PLASTIC DRAINAGE PIPE avail- 
able in a wide range of diameters and 
lengths. 


SEND THE COUPON TODAY 
FOR ADDITIONAL INFORMATION. 


Mail Today! 


Gentlemen: 


{| Please send me additional information. 
Please have APPLICATION call. 


“Use 


sure” 
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ried out electrolytes containing 1/10 
caustic potash, 1/10 solution 
sodium borate, and 1/10 sulfuric and 
chromic acid various concentrations. 
Pure and alloyed titanium sheet, tita- 
nium-7 percent manganese, titanium-6 
percent aluminum-4 percent vanadium, 
titanium-4 percent aluminum-4 percent 
vanadium, titanium-5 percent chromium- 
percent aluminum were used sam- 
ples. was observed that the current 
density vs. time curves exhibit typi- 
cally anodic character, that is, sub- 
stantial drop current density takes 
place during the initial minutes 
testing. This behavior believed 
the same any electrolyte which does 
not contain halide ions; there is, how- 
ever, quantitative difference, according 
polarity, the passage current. 
If, the other hand, the electrolyte 
contains halide ions, chlorine 
mine, for example, local attack occurs 
and the rate corrosion may very 
high. The evolution current/time 
curves the case instantaneous 
voltage drop, analyzed. Several graphs 
showing the differential behavior tita- 
nium and aluminum are presented. 
said that the corrosion-resistance 
titanium sulfuric acid was markedly 
improved anodizing, but its suscepti- 
bility attack hydrofluoric acid has 
remained unchanged. Since titanium 
violently attacked halides not con- 
taining water and even percent solu- 
tion bromine methyl-alcohol, after 
hours exposure, causes severe pitting, 
the performance anodized sheet was 
tested this medium. Anodized 
nium was found exhibit 
sistance; the onset corrosive attack 
did not manifest itself but after more 
than hours exposure. noted 
that, starting the edges and progress- 
ing underneath the oxide film, the cor- 
rosion ultimately completely destroys the 
entire metal stock and only the anodic 
films preserved the solution. 


—ALL. 14347 


5.9.4, 3.2.2 

Embrittlement Phosphated Steel. 
Progress, 71, No. 78-81 (1957) April. 

Investigation conditions under 
which phosphate coatings induce em- 
brittlement and treatments required 
prevent embrittlement when occurs. 
Effect phosphate coating high- 
strength steel was evaluated sustained 
static load test notched specimen. 
Material used was 4340 steel rod 
(0.40 carbon, 0.027 phosphorus, 0.015 
sulfur, 0.68 manganese, 0.23 silicon, 1.80 
nickel, 0.83 chromium and 0.25 molyb- 
denum). Several test specimens from 
different hardness groups were aged 
220 for hr. High-strength steel, 
hardened and then tempered 875 
could phosphated without embrittle- 
ment, even without taking precaution 
subsequent baking. Over-all conclu- 
sion drawn that embrittling effect 
phosphate coatings can prevented 
either aging for hr. room tempera- 
ture hr. 220 Tables, photo.— 
INCO. 14351 


5.9.4 

Temperature Rise During Formation 
Anodic Oxide Films. 
Trans. Faraday Soc., 53, No. 
229-233 (1957). 

50, 153 (1954). Young calcu- 
lates that during the formation 
anodic oxide-film electrodes immersed 
unstirred solution the temperature 


and current density. These calcula- 
tions were verified for niobium and 
tantalum measuring the rate rise 
potential constant current density, 
with and without stirring—MA. 14370 


5.9.4 

Some Properties Oxide Layers 
Produced Aluminium Electrolytic 
Philips Research Repts. (Neth- 
erlands), 12, No. 240-248 (1957) June. 

description given measure- 
ments the thickness (d), dielectric 
constant (e) and density (p) oxide 
layers produced aluminum elec- 
trolytic oxidation. The X-ray investiga- 
tion the structure these layers was 
also undertaken. Two different values 
were found for the thickness the 
12.7 A/volt. The former value was found 
after chemical cleaning, the latter with- 
out any prior removal the oxide layer 
formed reaction with the air. The 
cleaning probably causes increase 
about percent the surface area. 
this correct, then 12.7 A/volt 
the more acceptable value. For 
found the value 3.1 for the value 
8.7. When formed room tempera- 
ture, the oxide completely amorphous, 
except when layer boehmite has 
been produced the aluminum boil- 
ing water. the later case 
also formed. Oxidation 100 gives 
some well amorphous 
14373 


5.9.4, 5.3.2 

Anti-Corrosion Treatment Galvan- 
ized Articles. (In Russian.) 
vedenie Obrabotka Metallov, No. 54- 
(1957) Feb. 

Discussion process for increasing 
anti-corrosive property galvanized 
articles treating with solution 
chromium anhydride, sulfuric acid, and 
hydrochloric 14398 


5.9.4 

Effects Various Polyvalent Metal 
Anion Additions Alkaline Magne- 
sium Anodizing Bath. AND 
Electrochem. Soc., 104, No. 
356-359 (1957) June. 

Protective coatings magne- 
sium alloy can obtained anodizing 
bath prepared from potassium hy- 
droxide, aluminum hydroxide, trisodium 
phosphate, and potassium fluoride. The 
addition stannate, vanadate, manga- 
nate, chromate, tungstate this bath 
makes possible produce coatings 
which differ with respect color and cor- 
rosion resistance. The corrosion resistance 
all these coatings greatly improved 
post treatment consisting im- 
mersion bifluoride-dichromate solu- 
tion followed ageing hot, humid 
atmosphere. The addition vanadate 
increases the corrosion resistance the 
coating. All the coatings studied are 
hard enough abrade Rockwell C63 
steel—ALL. 14323 


5.9.4 

Passivation Iron Chromate So- 
No. 4575, 27-29 (1957) July 

Investigation amount chromium 
protective films formed iron dur- 
ing immersion potassium chromate 
solution. Graphs show that film growth 
air and chromate solution are both 
linear functions log (time) differing 
only their rate constants. Rate 
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News trom 
National Carbon Company 


Division Union Carbide Corporation East 42nd Street, New York 17, 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, 
Pittsburgh, San Francisco. CANADA: Union Carbide Canada Limited, Toronto 


Heat Exchangers prove 
economically superior corrosive processes 


Charts below show expanding use 
impervious graphite three typical corrosive services 


NATIONAL 


HEAT TRANSFER AUTHORITY 
CONSULTANT 
NATIONAL CARBON COMPANY 


GAS SATURATED 
ETHANOLAMINE 


SULFUR DIOXIDE 
COOLER— CONDENSERS 


SULFURIC ACID 
COOLERS 


INTERCHANGERS 


92,000 sq. 
17,000 
tube surface tube surface 


DR. DONALD KERN 


Kern and Associates, specialists 
thermal design chemical process 
units, work with National Carbon 
Company developing and applying 
“Karbate” impervious graphite heat 
transfer equipment. 

Before establishing his own organi- 


Canadian companies, Dr. Kern had NEW INSTALLATIONS NEW INSTALLATIONS 

impervious graphite resists Long life and moderate costs fre- 

> . . “ ” 

professor chemical engineering, all concentrations sulfuric acid quently make “Karbate” heat exchang- 
The Graduate School, Polytechnic 60% temperatures boiling. This ers the preferred choice over metal 
charge advanced instruction combined with resistance thermal units ethanolamine service. addi- 
heat transfer and thermodynamics. shock makes “Karbate” heat exchangers tion, the improved corrosion resistance 
logical choices for heating and cooling permits Operation far higher veloci- 
printing. sulfuric acid. ties thus making possible several fold re- 


ductions required heat transfer area. 

The large surface areas required for 
cooling condensing wet sulphur 
dioxide containing gases are provided 
conveniently and economically 
shell and tube heat exchang- 
ers such shown below. The corrosive 
gas handled the tube side permit- 


Graphite Heat Interchanger Designed 
for Use with Nuclear Reactors 


ting easy access for cleaning. 


CODE 82 GRAPHITE 


0. D. TUBES =24' LG. 


This gas phase Interchanger thermally designed 
handle heat generated megawatt reactor. 


Interest increases the use nu- Because operating temperatures 
clear generated heat for chemical proc- range from 2000° 2500° F., 
essing applications. Insuch operations, “National” Code graphite well 
gas heat interchanger the type suited for such applications. This low 
shown would operate loop with permeability material used for con- 
the reactor. Hot helium gas from the structing the shell and tube heat ex- 
reactor circulates through the tube changer shown provides high heat 
side the exchanger, while process transfer rates, freedom from corro- 
gas heated passes through the sion and metallic contamination, and 
shell side. resistance thermal shock. 


“National”, ‘‘N’’ and Shield Device, 
“Karbate”’ and ‘‘Union Carbide” 
are registered trade-marks of 
Union Carbide Corporation. 
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uptake chromium and hence presum- 
ably rate oxidation chromium ion, 
considerably influenced amount 
oxygen solution. Rate solution 
saturated with nitrogen more than 
double that occurring the same solu- 
tion saturated with oxygen. would 
appear that oxygen and chromate ions 
compete oxidizing the iron surface. 
The picture inhibition chromate 
may follows. Immediately im- 
mersion the iron steel the chro- 
mate solution, adsorbed layer con- 
taining chromium ions formed. This 
followed “logarithmic” growth 
oxide film, with adsorbed film 
always present. not possible this 
stage distinguish between relative 
contributions towards inhibition the 
adsorbed layer and chromium-con- 
taining oxide film, since both are always 
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present, though known that the 
longer the period immersion, that is, 
the thicker the oxide, the greater the 
degree 14591 


MATERIALS 
CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.2.2 

Thermal Balance Used for Oxidation 
Tests Cast Irons Containing Alumi- 
Metallurgia Italiana, 49, 341-348 
(1957) May. 

Test pieces were heated air 800 
low-alloy cast irons, white aluminum- 
chromium cast iron, and heat resistant 


YOUR SERVICE 


You'll find your advantage check with CSI for your 
cathodic protection requirements. Take minute check 


this list: 


Brand-name materials and equipment—for either anode 


rectifier installations. 


Selenium Rectifiers—improved design, air-cooled 
Dow magnesium anodes, including the new Galvomag 
Special anodes your own specifications 
lead 
wires, patented quick-wetting backfill 
Large stocks for immediate shipment 
Expert consulting and installation services. 
Engineering personnel with long experience—trained 


crews 


Equipment handle the largest turnkey job—rectifier 


anode 
Competitive prices. 


Call write today for estimates quotations. Let our 
stockholder-employees demonstrate the economical and satis- 
factory service they can give you. Ask for free copies the 
latest CSI reports “Hot Spot Protection” and “The Truth 
About the Current Efficiency Galvomag Anodes.” 


Box 7343, Dept. C-7 


CORROSION SERVICES 
INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 


chromium steel which was tested for 


purposes comparison, increase 
weight was gray (graphite) 
cast irons containing aluminum, 
crease weight was noted, due sur- 
face oxidation carbon. Aluminum 
under given test conditions, provided 

higher resistance heat than chromium 


6.2.2 

Corrosion Puddled Iron. (In Ital- 
ian.) Calore, 28, 147-153 
(1957) April. 

Structure puddle iron; probability 
and speed corrosion; possibilities 
using new knowledge produce less 
expensive product than puddled iron, 
but one that will retain its valuable 
characteristics. 14618 


3.7.3 
Investigation Acid-Resistant High- 
Silicon Iron. Pt. Effects Cooling 
Rate and Annealing Mechanical 
Properties and Corrosion Resistance. 
(In English.) SAWAMURA, 
TAJIMA AND AKAMATSU. 
Memoirs, Faculty Engineering, Kyoto 
Univ., 19, No. 77-91 (1957) April. 
Variations cooling rate bring about 
great changes graphite structure and 
influence mechanical properties although 
not corrosion resistance. The annealing 
castings important only with re- 
spect the relief internal casting 
14770 


6.2.2, 4.3.2 

Investigation Acid-Resistant High- 
Silicon Iron. Pt. IV. Corrosion Resist- 
ance Sulphuric Acid. (In English.) 
SAWAMURA, OSAMU TAJIMA AND 
AKAMATSU. Memoirs, Faculty 
Engineering, Kyoto Univ., 19, No. 92- 
101 (1957) April. 

Corrosion tests were carried out 
acid-resistant high-silicon iron 
furic acid with various concentrations 
and temperatures. The effects the 
acid concentration, temperature and 
duration test are discussed. The ap- 
pearance the surface the specimen 


14772 


6.2.2, 8.8.1 

Large Iron Castings One Branch 
Paper before Brit. Cast Iron Res. Assoc. 
Conf. Engineering Properties and 
Uses Iron Castings, London, Novem- 
ber, 1956. Research and Development, 
Brit. Cast Iron Research Association, 
No. 11, 608-623; disc., 623-628 (1957) 
April. 

Author emphasizes difficulty encoun- 
tered obtaining castings for applica- 
tions Alkali Div. free from 
defects due sand inclusions, porosity, 
unfused chaplets, displaced cores, etc.; 
and cracking due high internal stresses. 
Requirements for castings used 
chemical industry are outlined, and ton- 
nage used indicated. Details are given 
failure, and subsequent redesign, 
specific castings alkali service. These 
include conical casting, cylinder and 
tube plate for evaporator, caustic pot, 
and finned heat recovery pot, all made 
from nickel cast iron. Effects car- 
bon, nickel, sulfur and phosphorus 
soundness, corrosion resistance and gen- 
eral performance are dis- 
cussion, Smith mentioned that 
replacement grey iron tube-plate 
nodular iron tube-plate was not possible 
due susceptibiilty nodular iron 
stress-corrosion cracking. 
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one coating best for every job 


Varying circumstances, job conditions, and even budget limitations pro- 
hibit specifying one type coating for every pipeline. That’s why Dearborn 
offers you all three: asphalt coatings; wax-type coatings; polyethylene 
plastic tape. These superior coatings, together with the correct primers 
and wrappers, may applied the mill, railhead, hand Traveliner. 
Your local Dearborn representative can help you select the right coating 
combination for your specific job lowest possible cost. 


CALL YOUR DEARBORN MAN 
WRITE FOR INFORMATION 
Asphalt Coatings. Write for your copy 

Bulletin 
Wax-Type Coatings. Write for your 
copy Bulletin 3050. 


SAFE-T-CLAD Polyethylene Plas- 
tic Tape. Write for Bulletin 3002. 


de- 
sur- 
ium 
that's why Dearborn supplies all three 
the 
in- 
es. 
Se > 
MERCHANDISE MART PLAZA, CHICAGO 54, ILLINOIS 
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6.2.2 

loys Austenitic Type for High Heat- 
Resistance and Scale-Resistance. 
Babcock and Wilcox Co. Research Cen- 
ter. Wright Air Development 
Center, January, 1957, pp. Available 
from Office Technical Services, 
Dept. Commerce, Washington 25, 

This project was with the 
development iron-base alloys 
stitute for the cobalt-base alloy 21. 
The most promising alloys contained 
minimum iron content 
minimum carbon content 0.50 percent, 
chromium not less than percent, and 
between and percent nickei, part 
which could replaced cobalt. 
Those alloys, strengthened with 5-percent 
additions niobium, tantalum, molyb- 
denum and tungsten, developed creep- 
rupture strength 1600 1800 ap- 
proaching that H.S. 21. They were 
equal H.S. oxidation resistance 
2000 but inferior short-time 
cold and hot tensile strength, cold duc- 
tility and resistance thermal shock 
and thermal fatigue. The possibility 
improving the thermal properties 
lowering carbon content and compensat- 
ing for the resulting decrease rupture 
strength with modifications composi- 
tion seemed plausible, but was not ex- 
14273 


6.2.4, 3.7.2 

Investigation the Fatigue Char- 
acteristics Leaded Alloy Steels. 
Brock AND University 
Navy, March, 1957, pp. Avail- 
able from Office Technical Services, 
Dept. Commerce, Washington 
25, (Order 121834). 

There significant difference be- 
tween the fatigue strengths leaded 
and non-leaded steel having ultimate 
strengths below 130,000 psi, this report 
concludes. Above that figure, however, 
fatigue strength leaded steel declines. 
The study concerned the influence 
small amounts lead tensile and 
fatigue properties SAE 1018, 1045, 
8620, and 4340 alloys. Although the ef- 
fects lead tensile properties 
alloy steels had been established in- 
significant, work had been done 
effects fatigue strength. Tensile tests 
confirmed that lead additions about 
0.2 percent have significant effect 
measured mechanical properties. Pos- 
sible drops mean fatigue strength 
leaded steels were shown about 
percent 170,000 psi and percent 
275,000 psi. the presence notch, 
practically difference existed between 
the fatigue strengths leaded and non- 
leaded steels the ultimate tensile 
strength range 70,000-170,000 psi, and 


very little difference 275,000 
14551 
6.2.5, 3.7.3 

Alloys for Brazing Thin Sections 
Stainless Steel. Paper 
before Am. Welding Soc., Nat’l. Spr. 
Mtg., Philadelphia, April 8-12, 1957. 


Welding J., 36, No. 

Following brazing alloys: 
copper, silver-28 copper-0.5 lithium, 
silver-15 manganese, silver-15 
manganese-0.5 lithium and manga- 
nese-32 nickel are discussed with respect 
brazing stainless steel thin sections. 
Results wetting tests specimens 
0.062-in. gage Type 304, 321 and 17-7 
hydrogen atmosphere various 


131s-140s (1957) 
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dew points and temperatures are pre- 
sented which demonstrate effects 
lithium additions aiding wetting base 
metal and increasing fluidity filler 
metal. Data are given solution and 
penetration characteristics alloys 
comparison with typical nickel-chro- 
mium-silicon-boron alloy 
Although manganese-32 nickel will 
dissolve stainless steel base metal, 
mium-silicon-boron. Oxidation resistance 
data are shown graphs. Photomicro- 
graphs.—INCO. 13809 


6.2.5 

Production and Fabrication New 
AISI Types 201 and 202. 
Paper before Am. Soc. Testing Mate- 
rials, 59th Ann. Mtg., Atlantic City, 
June 1956. ASTM Bull., No. 220, 47-50 
(1957) Feb. 

Summarizes information melting 
practice, hot and cold rolling bloom- 
ing and strip mills, forging, annealing, 
pickling, brake and roll forming, deep 
drawing, polishing and welding AISI 
Types 201 and 202. Table lists effects 
lower annealing temperature (1800- 
1950 mechanical properties. Charts 
show cold rolling practice, oxidation char- 
acteristics, and hardness and gage surveys 
cracking tests boiling molar lithium 
chloride show difference cracking 
comparative samples drawn 201, 202 
and 302.—INCO. 14689 


6.2.5 

Carbide Precipitation Type 304 
with Extra Low Carbon Content. (In 
244-247 (1957) July 15. 

Investigation 18/8-type steel with 
carbon content 0.03 percent, which 
was thought sufficiently low prevent 
carbide precipitation. Corrosion tests, 
after steel had been held 650 for 
one hour and furnace-cooled, showed 
that sufficient precipitation had taken 
place 
During welding, the steel critical 
temperature for too short time for 
precipitation take place, and has ad- 
vantages over stabilized 18/8 types with 
higher carbon content—INCO. 


6.3 Non-Ferrous Metals 
and Alloys—Heavy 


6.3.5, 3.7.2 

Studies the Oxidation and Contam- 
ination Resistance Binary Niobium 
AND JAFFEE. Battelle Me- 
morial Institute. Atomic Energy 
Comm. Pubn., BMI-1169, Feb. 19, 1957, 
pp. Available from Office Tech- 
nical Services, Washington, 

study the effects binary alloy- 
ing additions the oxidation and con- 
tamination resistance niobium has 
been conducted. The alloys contained 
at. percent titanium, chromium, 
and zirconium, at. percent vanadium, 
molybdenum, tantalum, tungsten, 
and at. percent berlylium, boron, cobalt, 
iron, manganese, nickel and silicon. The 
oxidation and contamination studies 
were conducted air 600, 800, and 
1000 Four elements, titanium, vana- 
dium, molybdenum and chromium, im- 
proved oxidation resistance. The con- 
centrations for optimum oxidation re- 
sistance 1000 were at. percent 
titanium, at. percent vanadium, at. 
percent molybdenum, and at. percent 
chromium. was most effective 
reducing the rate oxidation; 


Vol. 


600 1000 the niobium-25 at. per- 
cent titanium alloy oxidized one-tenth 
one-twentieth rapidly pure nio- 
bium. Contamination investigated 
hardness-penetration measurements 
all oxidized alloys except those con- 
taining beryllium boron. Zirconium 
and titanium markedly reduced the depth 
oxygen contamination resulting from 
exposure air. Diffusion coefficients 
for oxygen the niobium binary alloys 
were calculated and related activation- 
energy plots where 
14365 


6.3.8, 3.6.8, 3.8.4 


Anodic Corrosion and Hydrogen and 
Oxygen Overvoltage Lead and Lead 
Electrochem. Soc., 104, No. 
406-413 (1957) July. 

Constant current techniques permit 
rapid evaluation the anodic corrosion 
lead and lead antimony alloys. The 
amount lead dioxide formed during 
anodization can evaluated meas- 
uring the length the potential plateau 
the lead dioxide/lead sulfate couple 
produced during discharge. The rate 
self-discharge and the degree utiliza- 
tion the lead dioxide must taken 
into account order obtain correct 
corrosion figures. Methods for evaluat- 
ing the self-discharge and degree 
utilization the lead dioxide are de- 
scribed. 

X-ray diffraction patterns were taken 
the anodized lead and lead-antimony 
alloy samples. Patterns lead sulfate, 
lead, dioxide, and dioxide 
were observed, but there was indica- 
tion that lead oxide was formed any 
sample. The principal anodization prod- 
uct was dioxide, new crystal- 
line modification lead dioxide. Hydrogen 
and oxygen overvoltages were measured 
various alloys the lead-antimony 
system, using interrupter techniques. 
Overvoltage and anodic corrosion 
single crystal faces lead were also 
investigated. 14413 


6.3.9 

Protection Molybdenum Against 
Oxidation High Temperature. (In 
German.) Kart Ver. deut. 
Ing., Z., 99, 423-425 (1957) April 

Problems protection molybdenum 
surfaces against oxidation elevated 
temperatures discussed. molyb- 
denum alloy has been found that would 
correct the inability molybdenum 
form protective oxide film. there- 
fore necessary resort coatings 
which either inert themselves 
(like ceramics certain metals) 
dizable into inert protective layer. 
ing. The best experimental results have 
been obtained with chromium, chro- 
mium-nickel and 
silicon, giving protection 1100 
and with molybdenum sulfide for tem- 
peratures above 1300 14364 


The Corrosion Tin and Tinned 
Copper Dilute Neutral Solutions. 
plied Chem., No. 349-356 (1957) 
July. 

The occurrence local corrosion 
tin surfaces dilute chloride solutions 
not associated with surface conditions. 
Repeated removal oxide from tin 
surface sufficiently frequent intervals 
prevents the development local cor- 
The initiation local corrosion 
accelerated, and the number points 
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attack increased by: crevices pro- 
some surface defects and 
contact with another solid surface, low- 
ering the the solution below four, 
and contact with more noble metal 
such copper nickel. Wiped coat- 
ings copper are more susceptible 
local corrosion than electrodeposited 
hot-dipped coatings since the surface 
presented the corroding solution 
mixture tin and tin-copper compounds 
which form galvanic couple. Alloy- 
ing additions zinc, phosphorus 
indium which improve the resistance 
tin dry oxidation, not prevent 
local corrosion chloride solutions. 
The addition chromate, benzoate, bi- 
carbonate, silicate, nitrite, phosphate 
chloride solutions adequate amounts 
make them non-corrosive tin. The 
presence bicarbonate most supply 
waters probably restricts the number 
local corrosion. Local 
corrosion can prevented cathodic 
protection with aluminum anodes.— 
BTR. 14571 


6.3.15 

Utilization Low-Grade Titanium 
Sponge Produced the Kroll Process. 
Pt. II. The Oxidation Titanium-Iron 
Alloys Elevated Temperatures Air. 
(In Japanese.) Torao 
INAGAKI AND TAKESHI TAKEI. Sci. Res. 
Inst. Repts., Tokyo, 33, 58-64 (1957) 
March. 

The oxidation behavior low-grade 
titanium containing percent 
iron (byproduct the Kroll process) 
was studied between 500 and 1000 
air. the vicinity 500 the oxida- 
tion the alloys was slight 
creased temperatures above 600 
With increasing temperature, the oxida- 
tion the alloys obeyed simple law. 
With increased time (up hr.), the 
process progressed 
cording the parabolic law. The iron 
contents the low-grade titanium did 
not affect the oxidation appreciably. 
was observed that the penetration 
oxygen temperatures above 800 
was considerable. The structures the 
resultant penetrated zone were investi- 
gated using microscopy, X-ray and elec- 
tron diffraction. 

14691 
6.3.15, 4.6.11 

Corrosion Resistance Titanium 
Trans. Inst. Marine Engrs., 69, 
No. 311-319 (1957) Aug. 

Detailed information upon the behav- 
ior titanium sea water has been 
assembled focus attention upon the 
advantages which might follow use 
this metal its alloys certain marine 
engineering equipment. The basic phys- 
ical properties titanium and some 
the more important alloys are summa- 
rized and reference made their 
good corrosion resistance. The protec- 
tive nature surface films present 
massive forms titanium demon- 
strated means electrode potential 
measurements, and details behavior 
flowing sea water are given. Resist- 
ance erosion sea water carrying 
abrasive material demonstrated and 
good performance wet steam travel- 
ling high velocity noted. Attempts 
produce corrosion crevices are de- 
scribed and detailed account given 
the behavior galvanically coupled 
specimens, demonstrating that titanium 
does not suffer attack and indicating the 
likely degree galvanic corrosion 
the less noble metals. Experimental evi- 
dence recorded illustrate high cor- 
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rosion fatigue strength and indicating 
effects. Finally, the economic aspects 
the use titanium are discussed.— 
TIME. 14613 


6.3.15 

the Corrosion Resistance Tita- 
nium Alloys. (In Japanese.) 
Metals, 21, No. 183-186 (1957) March. 

The corrosion rates binary titanium 
alloys were determined sulfuric, hy- 
drochloric and nitric acids, aqua regia, 
acetic, formic and oxalic acids, ammonia 
water and sodium hydroxide, sodium 
chloride, ferric chloride, aluminum chlo- 
ride solutions ordinary boiling 
temperatures. The added elements were 
aluminum, silver, tin, silicon, chromium, 
manganese, iron, cobalt, nickel, copper, 
tungsten and The alloys 
were arc-melted argon atmosphere. 
They were hot and cold rolled 
thick plates and then cut into specimens 
for the corrosion test. Among the tested 
alloys, titanium-molybdenum alloys con- 
taining more than percent molybdenum 
were shown highly resistant 
hydrochloric and sulfuric acids which 
attack pure titanium severely. But the 
superior corrosion resistance titanium 
nitric acid deteriorated the addi- 
tion molybdenum. The comparatively 
poor corrosion resistance titanium 
formic and oxalic acids and aluminum 
chloride solution was shown much 
improved the addition appropriate 
14809 


6.3.15, 3.8.3 

Corrosive Properties and Passivation 
Titanium and Its Alloys. (In Ger- 
man.) Chem.-Ing.- 
Tech., 29, 107-109 (1957) Feb. 

known that mixtures hydro- 
chloric and nitric acid generate corro- 
sion resistant films the surface 
titanium and its alloys. closer study 
this phenomenon was made ob- 
serving the corrosive behavior pure 
titanium, commercial titanium con- 
taining considerable iron, and the 
ternary 
the presence percent hydro- 


SECOND EDITION 


INDUSTRIAL 
MAINTENANCE 
PAINTING 


Paul Weaver, Author-Publisher 


The first edition sold all over the Colors 
United States and in nine foreign 
countries. Many companies use it 
as a text to train painters and 
painter foremen; as a reference; 
and as a standard for sandblast- 
ing and painting procedure, 


The Second Edition retains all 
of the original material. Prices 
have been brought up to date. 
The following chapters have been 
added: 

Specification Writing 

Paint Testing 

Painting Cost Estimating 


Tank Car and Vessel Painting 
and Lining 


Solvents, Proper Use, Selection 
and Care 


Materials 


Pipe 


Send Orders PAUL 


Painting Economics 


Several new tables have been 
added. These include: 


Chemical Resistance of Lining 


Chemical Resistance of all 
Major type coatings 


Square Feet per Linear Foot 

Square Feet per Ton of Dif- 
ferent Schedule Pipe 

Relative Toxicity of Solvents 


Explosive Limits and Flash 
Points of all Popular Solvents 
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chloric acid alone mixtures with 
various amounts nitric acid. view 
the differences the composition 
the materials examined, the differences 
observed are rather complicated, some 
alloys being less resistant than pure tita- 
nium while others are more resistant. 
most cases the addition 1.3 per- 
cent nitric acid hydrochloric acid 
produced the strongest passivation effects. 
—MR. 14827 


6.3.15, 3.7.2 

Molybdenum Alloy Addition for 
Titanium. New York 
Univ. Metal Progress, 71, No. 86-91 
(1957) Feb. 

percent aluminum, percent 
molybdenum alloy has superior strength- 
weight properties elevated tempera- 
tures. Molybdenum also has favorable 
influence hardenability and oxidation 
resistance. seems possible that, with 
its help, useful age-hardenable alloy 
can developed. 13786 


6.3.17, 4.6.1, 3.5.11, 8.4.5 

Aqueous Corrosion Uranium and 
Uranium-6 w/o Zirconium Alloy (Work 
AND Argonne National 
Lab. Atomic Energy Comm. Pubn., 
ANL-5672, January 1957, pp. Avail- 
able from Office Technical Services, 
Washington, 

The corrosion rates uranium sub- 
jected heat treatments 600, 720, 
800 and 1000 asymptotically approached 
the lower corrosion rate high purity 
uranium. Experiments which hydro- 
gen was deliberately added 
treated samples showed correlation 
between corrosion rate and the hydro- 
gen content. flow velocity about 
ft/sec distilled water, uranium- 
zirconium alloy corroded low, but 
increasing, rates and The 
water was saturated with nitrogen 
—4.7 mol percent oxygen mixture. The 
protective oxide film formed initial 
immersion became less adherent and 
lost its interference colors after days 
tive film occurred only edges and 
corners. The increasing corrosion rate 
with time made impossible assign 


Per 
Copy 


Copies 


Flexible cloth binding, profusely 
iMustrated with photographs and 
drawings. It has over 200 pages 
534 x 842 inches. Valuable as the 
first edition was, this one is much 
more so. It should prove to be 
worth many times its small cost. 


WEAVER, 4025 Brady St., Baton Rouge La. 
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any single value for corrosion rate. 
Little effect the water flow rate 
was indicated comparison results 
with the previously reported behavior 


6.3.17 

The High Temperature Aqueous Cor- 
rosion Uranium Alloys Containing 
Minor Amounts Niobium and Zirco- 
Argonne National Lab. 
Atomic Energy Commission Pubn., 
ANL-5530, April, 1957, pp. Available 
from Office Technical Services, Wash- 
ington, 

Alloys uranium with niobium show 
good corrosion resistance degassed, 
distilled water about 315 The al- 
loys must quenched from the gamma 


Quoth Sir Galva-Knight: 


phase order have high tempera- 
ture corrosion resistance. The corrosion 
resistance destroyed over-aging 
temperatures low 350 those 
tried, the alloy with best resistance 
thermal aging the uranium-5 percent 
zirconium-1.5 percent niobium alloy, 
290 optimum heat treatment can re- 
Certain moderate aging 
treatments, e.g., 400 for two hours, 
result improved corrosion resistance 
the initial stages corrosion. Alloys 
containing percent niobium and small 
amounts tin show promise. addi- 
tion aging, the alloys are also sensi- 
tive hydrogen content. Ultimate 
corrosion failure believed due ab- 
sorption corrosion product hydrogen. 
14649 


GIVE 
RUST 
START!” 


Give even tiny chink, 
and rust can quickly 
ravage steel structures 
equipment. Only hot-dip gal- 
vanizing can seal every 


nook and cranny, inside and 
out, with armor-tough coat- 
ing zinc, actually alloyed with 
the steel. stop rust before 
starts, specify hot-dip galvanizing 
the Nowery Smith Company, the 
South’s largest commercial galvanizers. 


COMPANY 


Commercial Galvanizing, Pickling, Oiling, 
Metallizing, Sandblasting, Prime Coating, 
and/or Painting. 


UNderwood 9-1425 8000 Hempstead Highway 
Houston Texas Box 7398 
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6.3.18, 8.4.5 

Selected Properties Vanadium Al- 
loys for Reactor Application. 
AND VAN THyNE. Argonne National 
Lab. Atomic Energy Comm. Pubn., 
ANL-5661, May, 1957, pp. Available 
from Office Technical Services, Wash- 
ington, 

Selected vanadium-base alloys have 
been investigated tensile and creep 
strength, corrosion resistance, and ther- 
mal conductivity elevated tempera- 
tures for the purpose making pre- 
liminary evaluation suitability for use 
fuel-element jacketing materials for 
sodium-cooled reactors. Results indicate 
preliminary feasibility these alloys 
from all viewpoints under examination 
and suggest the desirabiilty studying 
fabrication problems alloys and im- 
proved reduction methods for vanadium 


metal. (auth.)—NSA. 14757 


6.3.20 
Evaluation Data Zirconium- 
Uranium Alloys. Bat- 
telle Memorial Institute. Atomic 
Energy Pubn., BMI 1030, Au- 
gust 19, 1955 (Declassified February 14, 
1957), 112 pp. Available from Office 
Technical Services, Washington, 


survey the literature relative 
zirconium-uranium alloys was made, 
The available data were analyzed 
attempt present the most coherent 
and reliable picture the behavior and 
nature the zirconium-uranium alloys 
system. The constitutional diagram 
was reviewed, and attempt was made 
reconcile the divergent forms this 
diagram found the literature. The 
structure the intermediate phase, 
epsilon, discussed. The two modes 
transformation the beta (high tem- 
perature) phase are described; one mode 
resembles the martensite transformation 
found steels; the other mode resem- 
bles some respects the age-hardening- 
type transformation found 
alloys. Typical microstructures produced 
transformation beta, cold work- 
ing and annealing, and duplex heat 
treatments are shown. attempt was 
made correlate structure with the 
manner which was produced and 
with the resultant mechanical proper- 
ties. The available data the hardness, 
tensile, and creep properties zirco- 
nium-uranium alloys are tabulated and 
evaluated the light recent develop- 
ments the field transformation ki- 
netics. The physical properties the 
alloys are presented graphical form. 
The best available techniques for hot 
rolling, extruding, cold rolling, and swag- 
ing are detailed. The corrosion resist- 
ance zirconium-uranium alloys 
water various temperatures 
viewed. The effect ternary additions 
upon corrosion resistance discussed 
with view toward improving the alloys 
this means. The effect neutron 
irradiation upon metals discussed, 
general with respect fuel and 
specifically with respect 
uranium alloys. 14836 


6.3.20, 3.7.1, 3.2.3 


The Diffusion Oxygen Zirco- 
nium and Its Relation Oxidation and 
Metals Inc. Atomic Energy Comm. 
Pubn., NMI-1177, May 31, 1957, pp. 
Available from Office Technical Serv- 
ices, Washington, 

The diffusion oxygen zirconium 
and dilute zirconium alloys was studied 
the temperature range 400 585 
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ust one molecule Unicor one million molecules pipeline product 

will all the things listed below. Unicor has been tested both laboratory 
and field and proved superior any other form corrosion preventive. 


UNICOR 


UNICOR 
UNICOR 
UNICOR 


UNICOR 


UNICOR 


both aerobic and anerobic corrosion. Your tanks, 


vessels and pipelines are protected whether full, half-full 


empty. 


oil soluble and eliminates need for addition destruc- 
tive water. prevents rusting caused unavoidably 
entrained dissolved moisture. 


slime-detergent and anti-fouling. The 
film forms pipe interiors sheds corrosive droplets. 


cuts downtime minimum, reduces filter replacement 
and the use scrapers least one-half. 


will not interfere with action other useful additives such 
lead, antioxidants and dyes. approved for 
use Air Force and Navy jet plane fuel. 


added only one point. Its beneficial effect will extend 
pipelines, storage tanks, tankers consumer 
equipment when added the refinery. 


economical, costing only about $0.001 per bbl. pipe- 
line product. has been approved for use common 
carrier pipelines. 


Sold exclusively Universal Oil Products Company. 
For samples and information, write to: 


PRODUCTS 


Algonquin Road 
Des Plaines, U.S.A. 
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FOR CORROSIVE USES 


LUZERNE 


HARD RUBBER 


Complete Line 


BUNA-N NATURAL 
RUBBER COMPOUNDS 


Luzerne Buna-N heat-resisting synthetic hard rubber com- 
pounds are recommended for handling materials at tempera- 
tures up to 230° F. All the advantages of natural hard 
rubber plus added qualities of heat and oil resistance. 


HARD RUBBER CUSTOM MOLDED 


Specialists for over years custom molding hard rub- 
ber parts and components for chemical processing equip- 
ment and installations. Many compounds of both Buna-N 
heat resistant and natural rubber available for specific 
services and applications. 


HARD RUBBER PIPE, FITTINGS AND VALVES 


A complete line from 
4”. Pipe and 
flanges in larger sizes. 
Available heat re- 
sistant Buna-N and 
standard compound. 
New improved hard 
rubber valves, screw 
stem straightway, 


screw stem angle 
globe valves, threaded 


or flanged. Plugcocks, straightway cocks, bibcocks, pet- 
cocks. Float valves, horizontal and vertical check valves. 
Available Buna-N heat resistant compound standard 
compound. 


HARD RUBBER LINING 


Metal tanks, metal pipe and fittings, special intricate metal 
parts and castings lined and covered with hard rubber. 
Special linings available for specific corrosive services. 


HARD RUBBER PUMPS 


Improved mechanical seal eliminates usual packing troubles. 
Capacities to 190 at 90 foot head. Available in Buna-N 
heat resistant compound or standard compound. 


HARD RUBBER BUCKETS, FUNNELS 
AND UTENSILS, HARD RUBBER 
SHEET, ROD AND TUBE 


Write for complete information 


For ready reference look 
Chemical Engineering Catalog. 


The LUZERNE RUBBER CO. 


300 Muirhead Avenue Trenton, 
Sales Representatives 


ALBERT COX CO. FOLTZ CO. 
Chicago, Ill. Houston, Texas 


observing the rates dissolution 
anodically deposited interference oxide 
films, The diffusion coefficient oxy- 
gen zirconium depends the grain 
orientation and varies the factor 
two among different orientations. Macro- 
scopically observed average values obey 
the equation 9.4 exp 
51,780 where the acti- 
vation energy for the diffusion oxy- 
gen zirconium 51.8 kcal/mole. 
macroscopic differences were observed 
the diffusion coefficients the vari- 
ous dilute alloys. The effect alloying 
additions and heat treatment diffu- 
sion rates individual grains dis- 
cussed, Oxidation and corrosion rates 
were observed have orientation 
dependence similar that observed 
the diffusion study. The mechanism 
oxidation and corrosion discussed 
terms diffusion oxygen and adher- 
ence oxide films. 

14793 
6.3.20 


Studies Corrosion Metals with 
Pulse-Polarizer. Part II. Corrosion 
Zirconium. (In Japanese.) NopA AND 
Metal Finishing Soc. 
Japan, No. 23-24 (1957) Jan. 

this research the corrosion proper- 
ties zirconium were examined, using 
percent purity anode and maintaining 
the temperature the cell 
other conditions being the same 
the former research. 

Results: sulfuric acid although the 
amount corrosion small the 
range concentration 10-55 percent, 
corrosion proceeds about percent, 
percent and more. 
acid, the amount corrosion large, 
and independent the concentration. 


The amount corrosion 
acid, phosphoric acid, acetic acid, am- 
monium hydroxide and 
droxide was small. 


sodium chloride solution, the 
corrosion rate similar that hydro- 
chloric acid owing the effect chlo- 
rine ion. 

mixed solution hydrochloric 
acid and nitric acid, zirconium has 
corrosion resistance, aqua regia.— 


14317 


6.4 Non-Ferrous Metals 
and 


6.4.2 

Static Strength Cross-Grain 7075- 
Aluminum-Alloy Extruded Bar Con- 
Jr. Langley Aeronaut. Lab. 
National Advisory Comm. for Aero- 
nautics, Tech. Note No. 3994, April, 1957, 
pp. 

Cross-grain specimens 7075-T6 
aluminum alloy extrusions 
jected repeated axial loads until 
fatigue cracks various lengths were 
formed. Residual static strength was 
ther. determined static tests. Small 
cracks resulted disproportionately 
large reductions static strength. These 
results showed significant difference 
when compared with results for with- 
grain direction loading. Theoretical 
predictions indicate that this similarity 
not general, but depends upon rela- 
Effects biaxiality and ductility 
notch sensitivity under static loading 
sharply notched specimens are discussed 
appendixes. Graphs, diagrams test 
specimens and grips, —INCO. 14067 


Vol. 


6.4.2 

The Corrosion Behavior Super 
Purity Aluminium. (In German.) 
NACHIGALL. Aluminium, 33, No. 95-100 
(1957) Feb. 

Results series autoclave tests 
carried out super purity aluminum 
alone and its alloys with magnesium 
are reported. The high resistance 
these materials corrosion mois- 
ture, atmospheres and several chemicals 
known decline with increasing tem- 
perature, and distilled water and water 
vapor temperatures higher than 100 
combined with elevated pressure, that is, 
under the same conditions which pre- 
vail some nuclear reactors, they are 
subject intercrystalline corrosion and 
dimensional deformation. The extent 
this type corrosion inverse 
function the degree cold reduction 
and said relatively low cast 
metal. The sensitivity super purity 
aluminum intercrystalline corrosion 
can successfully removed small 
additions iron silicon the melt, 
the application inhibitors, such 
alkali chromates and alkali silicates 
the high temperature aqueous 
ing 13795 


6.4.2, 3.7.4, 3.4.9 

Corrosion Mecha- 
nism: Aluminum High Temperatures. 
gonne National Lab. Atomic 
Energy Commission Publication, ANL- 
5658, April, 1957, pp. Available from 
Office Technical Services, Washing- 

Hydrogen analyses corroded 1100 
aluminum alloy have indicated 
crease hydrogen content the metal 
near the corroding surface. Analyses 
M-388 aluminum high temperature alloy 
have not indicated any such increase. 
The resistance disintegrating attack 
improve with the amount and dispersion 
the cathodic second phase present 
the aluminum alloys. The relative abil- 
ities various second phases protect 
the alloy against disintegration are 
the same order their abilities act 
effective cathodes the temperature 
testing. Attempts reduce the cor- 
rosion rate resistant alloys alloy- 
ing the aluminum matrix with solid 
solution additive have been largely un- 
successful. One alloy, 
cent nickel-0.1 percent titanium, gave 
lower equilibrium rate but higher ini- 
tial intercept. Phosphoric acid 3.5 
produces sizable reduction the equi- 
librium corrosion rate M-388 alloy 
290 Tests superheated steam in- 
dicate that cathodic second phases pro- 
vide corrosion resistance this medium 


6.4.2 

Aluminium Cladding Buildings. 

Applied Chem., Pt. 216-231 (1957). 

The use aluminum cladding for 
buildings resist atmospheric corrosion 
described. Where painting the alu- 
minum carried out for protective pur- 
poses good performance obtained with 
pretreatment such degreasing and 
two-solution pretreatment primer fol- 
lowed zinc chromate primer and 
decorative finish. Red-lead-pigmented 
primers can harmful aluminum.— 


RPI. 14681 


6.4.2, 3.5.3, 4.6.5 
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initial cost? Sure! But titanium means less equipment 


replace, less downtime for actually save you 
processing equipment and parts! 

For example, titanium steam jet diffuser lasted years 
instead months. titanium valve handling corrosive and 


erosive fluid lasted 1,680 hours instead 70. titanium 


FERRO-ALLOYS AND METALS 


The terms and “Union Carbide” 
are registered trade-marks Union Carbide Corporation. 


try titanium now! 


nozzle used with chlorine dioxide lasted months instead 
hours. 

Only titanium combines high corrosion resistance with light 
weight and strength standard and specially designed proc- 
essing equipment. will pay you try titanium now. There’s 
plentiful supply. 


Booklet tells where you can get titanium mill 
products and fabricated equipment. Also gives 
cost-saving service records process industries. 


METALLURGICAL COMPANY CO-7 
Union Carbide Corporation 
East 42nd Street, New York 17, 


Please send copy Heat Titanium Problems.” 


Company Address 


RBI 


PEARSON 


Contributions 
Pearson 
Mitigation 
Underground 
Corrosion 


Six articles the late Dr. 
Pearson and one 
prepared under his leadership are 
reprinted for the information 
new workers and established 
gators into underground corrosion 
problems. Dr. Pearson, recipient 
the 1948 NACE Speller Award for 
achievements corrosion engineer- 
ing, recognized for his outstanding 
work problems associated with 
corrosion metals underground. 
The articles, originally published dur- 
ing 1941-44 The Petroleum Engi- 
neer and Transactions The 
Electrochemical Society are reprinted 
permission this book dedicated 
him. 
Papers included are: 
Electrical Examination Coatings 
Buried Pipelines 
Methods Applied Corrosion 
Measurement 
Determination the Current Required 
For Cathodic Protection 
Concepts and Methods of 
Cathodic Protection, Parts and 
Preventive Maintenance Systematic 
Pipeline Inspection by 
Donald Van Water 
pages, inches, paper Cover. 
1956. NACE Publication 56-12. Per 
copy, postpaid. 


Add 65 cents per copy for book post 
registry all addresses outside the 
United States, Canada and Mexico. 


NATIONAL ASSOCIATION 


CORROSION ENGINEERS 
Houston, Texas 


Foreign remittances should inter- 
national postal or express mney order 
bank draft negotiable the 
for equivalent amount funds. 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Co., Savannah River Laboratory. 
Atomic Energy Commission Pubn., 
DP-214, May, 1957, pp. 

Specimens aluminum were undam- 
aged eroded only slightly during two 
months exposure deionized water 
velocities 125 ft. per sec.—BTR. 

14692 


6.4.2, 3.7.3, 5.9.4 

Stress Corrosion Tests 
Pt. Influence Heat Treatment, 
Forming, and Anodic Oxidation. (In 
German.) AND ZIM- 
MERMANN. Metallkunde, 48, No. 
288-296 (1957) May. 

Lever test pieces cold- 
hardened and warm-hardened state were 
investigated percent sodium chlo- 
ride solution. Influence heat treat- 
ment, deformation and anodic oxidation 
discussed. The service life cold 
hardened specimens strongly stress- 
dependent. references. 14624 


6.4.2, 3.7.3 

Soldering Aluminum: Report. 
Welding Engr., 42, No. 43-46, 
48, (1957) Sept. 

Low temperature solders should not 
used with aluminum corrosive ap- 
plications unless corrosion preventative 
measures are taken. Small additions 
zinc cadmium these solders improves 
both soldering characteristics and their 
resistance corrosion, Intermediate- 
temperature solders contain about 30-90 
percent zinc, and generally have better 
wettability, form larger fillets, and give 
stronger, more corrosion-resistant joints. 
High-temperature solders contain from 
90-100 percent zinc along with small 
amounts high-melting temperature 
metals such silver, aluminum, copper 
and nickel; these provide the strongest 
and most economic solders for alumi- 
num, and have the best corrosion-resist- 
ant Conditions for satis- 
factory soldering are given; and organic 
and chloride-containing reaction fluxes 
are described and identified with the 
special application Sections are 
devoted solder composition, ultra- 
sonic tinning, salt flux, rinses, corrosion 
resistance soldered joints alumi- 
num, and joint 14645 


6.4.4, 5.4.8 
High Temperature Protective Coat- 
Wright Air Development 
Center, Materials Laboratory, Technical 
Report 56-622, April, 1957, 104 pp. 
Preferred system based epoxy- 
polyamide vehicle; consists cal- 
cium chromate pigmented primer, con- 
taining percent pigment and alu- 
minized topcoat. Alternate systems are 
based styrenated acrylonitrile mod- 
ified alkyd-silicone copolymer resin and 
mixture epoxy ester and sili- 


cone 14644 


6.4.4 

New Magnesium Alloys for High 
Temperature. Metal Prog- 
ress, No. 97-103 (1957) Aug. 

attempt has been made 
paper present the basic properties 
magnesium-thorium alloys, and indi- 
cate the essential characteristics some 
their commercial and semicommercial 
alloys. That the use thorium 
alloying element has markedly increased 
the temperature range over which mag- 
nesium has structurally useful proper- 
ties has been adequately demonstrated. 
The wrought magnesium-thorium alloys 


can formed the usual techniques, 
except that somewhat higher tempera- 
tures are required. addition, they 
have outstanding welding characteristics 
and require subsequent stress relief. 
They show evidence stress-corro- 
sion failure and may protected against 
general corrosion most the avail- 
able chemical surface treatment sched- 
ules. Wrought magnesium-thorium 
alloys have been developed more re- 
cently than the corresponding casting 
alloys, Experience being gained rapidly 
both their commercial production and 
fabrication. Use date has been con- 
fined essentially experimental-scale 
applications but their potential large- 
scale production materials appears large. 
(auth.)—ALL. 14671 


6.6 Non-Metallic Materials 


6.6.5, 6.4.2 

Resistance Aluminium Alloys 
VOSSKUHLER. Aluminium, 33, No. 606- 
612 (1957) Sept. 

Since there have been only few sys- 
tematic long-term studies the resistance 
aluminum alloys cement and lime 
mortars and plaster, matter increas- 
ing importance because the expanding 
use aluminum the building indus- 
try, the authors conducted detailed 
studies and have found that unprotected 
aluminum alloys are indeed sufficiently 
resistant such materials, but that 
nevertheless some protection should 
applied. The most effective means 
surface protection are lacquers bitu- 
minous paints and greasing. The results 
numerous tests are tabulated and 
graphically represented—ALL. 


6.6.5 

Concrete Deterioration Founda- 
tion. Iporn. Acta Polytechnica 
No. 221, 1957, pp. Acta Polytechnica 
Publishing Office, Box 5073, Stockholm 
Sweden. 

This monograph describes deteriora- 
tion concrete foundation for silo 
the harbor Copenhagen. The foun- 
dation was poured with concrete 
unknown composition about years 
ago. Details are given the ground 
water composition, soil characteristics, 
petrographic examination, and physical 
characteristics the concrete, badly 
disintegrated below the ground water 
level. Carbon dioxide credited with 
the major destruction, assisted sul- 
fates. The monograph concludes that 
some consideration needs given 
concrete poured below water levels, with 
special emphasis care where aggres- 
sive carbon dioxide constituents are 
present ground water. Some remedial 
and preventive suggestions are given. 


697 
6.6.5, 6.4.2, 3.6.6 

Compatibility Aluminum with Al- 
kaline Building Products. 
13, No. 12, 807t-816t (1957) 

ec. 

series tests reported the 
reaction aluminum alloys alkaline 
building materials under variety 
conditions. After discussion the 
chemistry reactions between alumi- 
num and alkaline building products, re- 
sults series laboratory tests are 
given. Evaluations effects visual 
inspection, galvanic corrosion current 
measurement, weight loss and micro- 
scopic examination were made. These 
included subjecting alloy 3003-H14 
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Monel alloy counters UF, attack lines and 
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fittings carrying corrosive 
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Two Inco Nickel Alloys lengthen life 
equipment processing nuclear fuels commercially 


Mallinckrodt Chemical Works pro- 
duces reactor fuels uranium diox- 
ide and other uranium compounds 
commercial basis Hematite, 
Missouri. Enrichment these ura- 
nium products ranges from less than 
U-235 more than 90%. 

The products from UF, 
liquefied gas hydrolyzed, precipi- 
tated ammonium diuranate and 
dried produce 

withstand attack the highly 
corrosive UF,, Monel* nickel-cop- 
per alloy lines carry gas from con- 
tainer hydrolysis. 


further processing, batches 
are fired cracked ammonia 
atmospheres 1500° make UO., 
suitable for use pellet fuels. 


sintered material for use matrix- 
type fuel elements also made.) 


Inconel* nickel-chromium alloy 
trays and fixtures successfully en- 
dure the severe heat and corrosive 
atmospheres the furnace. 


Both Inco Nickel Alloys are exten- 
sively used for other corrosion- and 
heat-resisting equipment producing 
and concentrating uranium and ura- 
nium fuel materials. The Develop- 
ment and Research Division Inco 
has helped solve many metal prob- 
lems this design area. They can 
probably help with you 
say the word. *Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Inconel alloy reduces oxidation damage 
batch trays and fixtures 1500°F 
converting furnaces 


INCO NICKEL ALLOYS 
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series exposures asbestos cement 
products, insulation materials, alkaline 
flooring materials, mortar and concrete 
cured dry and wet, and assessing the 
effects galvanic couples steel 
varying ratios 1:12, and spacings 
from inches %-inch; effects chlo- 
rides, curing conditions, and others. 
Mechanism corrosion mortar and 
concrete examined and study 
made polarization characteristics 
aluminum-to-steel couple mortar. 
Stray currents are cited explain in- 
frequent cases severe corrosive attack 
aluminum concrete. Tests reveal, 
and related service experiences confirm, 
that aluminum corrodes 
cially when exposed alkaline building 
products and that this corrosion self- 
limiting nature. Protective measures 
may needed cases involving dis- 
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similar metals and differential aeration 
effects the presence relatively high 
chlorides. 14445 


6.6.6, 6.6.5 

Corrosion-Resistant Floors. Pt. II. 
Evans. Corrosion Technology, No. 
120-124 (1957) April. 

The author describes the properties 
various types cement, bricks and tiles 
suitable for floors. plants 
silicate cements carbon bricks are 
suitable and plating shops good per- 
formances have been obtained with 
bricks set synthetic resin the furane 


phenolic cashew nutshell liquid type. 
—ZDA. 14727 


6.6.8, 1.6, 6.6.7 

Engineering Properties and Applica- 
tions Plastics. Forp KINNEY. 
Book, August 1957, 278 pp. John Wiley 


Sons, Inc., 440 Fourth Ave., New Yorl 

comprehensive treatise the 
mon plastic materials construction 
Chapters are given 
polyvinyl chloride, polystyrene, acrylics 
other vinyl types, cellulosics, phenolics 
amino plastics, polyesters, polyamide: 
and epoxies, silicones, rubbers. 

methods, engineering properties, therma 
properties, optical properties, electrica 
properties. Extensive data are given 
plastics chemistry with diagrams 
typical molecules, potential energy, poly 
merization mechanics, aromatic hydro 
carbons, acids, esters, anhydrides anc 
particle-size distribution, Tables 
properties representative plastics 
given. There alphabetical subject 
index. 14282 


EQUIPMENT 


7.1 Engines, Bearings 
and Turbines 


Development and Uses Spheroidal 
Graphite (Nodular) Cast Iron for Ma- 
rine Applications, with Special Refer- 
AND Topp. Paper before British Cast 
Iron Res. Assoc. Conf. Engineering 
Properties and Uses Iron Castings, 
London, Nov. 1956. Research and De- 
velopment, Brit. Cast Iron Res. Assoc., 
No. 11, 588-598; disc., 598-599 (1957) 
April. 

Continued improvement Diesel en- 
gine and more exacting specifications 
for construction materials lead adop- 
tion modular cast iron for Diesel 
engine pistons. Optimum properties 
piston materials are given, and this 
basis high duty nickel-chromium cast 
iron, spheroidal graphite cast iron and 
chromium steel are compared. Fail- 
ures, their causes and improvements 
effected use spheroidal graphite 
irons for Diesel pistons are considered. 
Effect piston operating temperatures 
studied. Future developments are dis- 
cussed. Further applications sphe- 
roidal graphite cast iron marine en- 
gineering are discussed; these include 
Diesel engine liners, 
and Diesel engine bedplates. Photomi- 
crographs, 14875 


7.4 Heat Exchangers 


7.4.1, 3.5.8, 6.2.5 

Stress-Corrosion Cracking Austen- 
itic Stainless Steels Chemical Plant 
and Eng. Chem., 49, Pt. 73A pp. 
(1957) March. 

These case histories condensers 
and heat exchangers, cooling coils and 
contact with wet thermal insulation 
cracking 14174 


7.4.2 

Low-Finned Exchanger Tubing. 
Petroleum Processing, 12, No. 
77-81 (1957) April. 

Discussion method for designing 
units for forced convection heat transfer 
without change phase. Results 
fouling tests low-finned tubes 
gasoline condenser are given. these 
tests, No. fuel oil was continuously 
circulated through heat exchanger bun- 
dles for four weeks. During test, oil was 
stored open tank and oxidation 
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Remittances must accompany all orders the ag- 
gregate cost of which is less than $5. Orders of 
value greater than $5 will be invoiced if re- 
quested, Send orders to National Association of 
Corrosion Engineers, 1061 M & M Bldg., Houston, 
T:zas, Add 65c¢ per package to the prices given 
aiove for Book Post Registry to all addresses 
o side the United States, Canada and Mexico. 
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FOR 
HIGHER 


INTERNAL 
COATINGS 


and you'll choose Galloway’s 
PIPE GUARD! For the finest corro- 
sion resistive plastics, exactingly 
applied, with honest service, and 
real economy, specify Galloway’s 
PIPE GUARD for reliable tubing 
protection! 


THE ODIS GALLOWAY COMPANY, INC. 
BEAUMONT 


2411 Times Bivd. 100 Maurice St. 1601 Cedar, Box 2343 


and evaporation changed its properties 


considerably. Similar runs were mad: 
bundles identical proportions 


low-finned tubing and bare tubing. 
end tests, fouling factors both bun- 
dles were below TEMA Standards 
finned tube followed pattern chang: 
fouling factor similar that bar: 
tube. Photos, graphs.—INCO. 


7.5 Containers 


Containers for Automotive Products 
before Chemical Specialties Mfrs.’ Assn 
43rd Ann. Mtg., Washington, 
December 1956. Soap Chemical Spe 
cialties, 33, Nos. 129, 131, 133, 135 
200; 121, 123, 125 (1957) Feb., March 

Discusses test procedures involved 
determining fitness metal container 
for automotive and other chemical spe 
cialty products. Test variables include 
container materials (plate, enamels, cap 
liners, and sealing compounds), storage 
temperatures, and test duration. Plain 
and enameled cans and seam areas are 
examined for corrosion after storage 
tests. Metal strip specimens are used for 
preliminary 13801 


7.6 Unit Process Equipment 


7.6.3, 4.3.4 

Withstands Aggressive Corrosion and 
MULLER. Chem. Processing, 20, No. 44- 
(1957) July. 

Corrosion caused caustic and abra- 
sion from suspended silica limited life 
large steel autoclaves about years 
Westvaco Chlor-Alkali Div. Food 
Machinery. Autoclaves were utilized 
production Magnesol (magnesium 
silicate) which industrial absorbent 
powder. manufacture Magnesol, 
sodium silicate desired alkalinity 
produced batch digestion ex- 
cess pure silica flour percent 
liquid caustic under pressure 350 
Use in. carbon steel for inner 
shell jacketed vessels which fore- 
going reaction takes place resulted 
excessive maintenance and replacement 
costs. Corrosion tests indicated prob- 
able minimum life years for Monel- 
clad vessel having minimum clad metal 
thickness 0.125 in. autoclave 
with all surfaces contact with reac- 
tion protected Monel was constructed 
and placed service December 1950. 
Monel-clad vessels are still excellent 
condition with years nearly 
continuous service. Use this type 
construction has resulted consider- 
able saving maintenance and replace- 


ment costs. 14728 


7.7 Electrical—Telephone 
and Radio 


7.7, 6.3.8, 3.3.4 

Corrosion Lead Cases Under- 
ground Electric Cables. (In French.) 
J.-C. SENEz AND Corrosion 
Anticorrosion, 203-209 (1957) July- 
Aug. 

This corrosion characterized the 
formation and 
frequently due attack the lead 
volatile acids present the form 
esters the raw jute. These esters are 
hydrolyzed the cable pectinolytic 
bacteria.—BTR. 14788 
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low cost, long term 


THE PROBLEM: protect the steel rake arms and influent 
wells three 200’ diameter presediment basins. 


THE ANSWER: Duriron impressed current anodes! Strings 
Duriron 114” dia. long anodes were extended along both 
sides the rake arms, hung vertically protect the lower section 
influent wells and center structures, and suspended horizontally 
1614’ radius depth four feet below the water level. 

These systems have been operation for months (220,000 
ampere hours per basin). The structures are thoroughly protected, 
and the consumption rate the anodes approximately 0.25 
yr. The life expectancy the systems 15-20 years. 


THE DURIRON COMPANY, INC., Dayton, Ohio 


Duriron anodes are available variety 
shapes and sizes for applications fresh water, 
ground bed, and salt water services. For com- 
plete details, see your cathodic protection spe- 
cialist write The Duriron Company, Inc.; 
Dept. CP; Box 1019; Dayton, Ohio. 
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olve Your Plant’s Toughest Corrosion 
Problems with these PITT CHEM Coatings 


STORAGE 


EXPOSED 


STRUCTURES 


PIPING 


4010 gilsonite alt vaporsea insulation and corrosion protec- 
tion, use Insul-Mastic 553 Type with incorporated cork granules. around your plant that can’t con- 
Crude Oil Storage Tanks—For bottom and top interiors, use pat- trolled with CHEM coal tar 


ented Tarset coal tar-epoxy resin coating. For exterior use gilsonite-asphalt coating. 


Insul-Mastic 4010, 553 CHEM 101 coal tar coating. From ordinary weatherproofing stop- 
Water Towers—For interior, usé tasteless, odorless CHEM 104 


coal tar coating. For exterior, 4010. ping tough chemical and underground 
Waste Disposal Tanks—Use acid and alkali-resisting Tarset tough, there CHEM coating 
Pitt 102 coal Pitt Chem Industrial Coatings are 
Concrete Structures—Use Insul-Mastic 4010 vaporseal Mica-Mastic through leading Industrial Distributors. 
5402, synthetic resin coating white mica, specifically com- the your telephone 
pounded for waterproofing and decorating masonry. directory 


Building Sidings—Weatherproof with Insul-Mastic 4010 finish 
with Insul-Mastic Color Coat. Available eight..shades, Color Coat 
specifically designed for use over CHEM tar and Insul- Mastic 
coatings. 


t 


Building Roofs—Use roofing outside. For con- 
densation control and insulation underside, use Insul-Mastic 553. 


Rolling Stock—Apply Dednox coatings for protection 
frames, box car ends and roofs 


10. Underground Piping—Use. Tarset Pitr 101 
heavy duty coal tar coating. 


11. Exposed Piping—Protect with Tarset Insul-Mastic 4010 and code 
with Color Coat. 


Steel—Apply economical, weather-sealing 


PROTECTIVE COATINGS COAL CHEMICALS PLASTICIZERS ACTIVATED CARBON COKE CEMENT PIG IRON 
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